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PllEFACE. 


The last, or fifth edition of this work, was published in 
February 1855, so that nearly ten years have since elapsed. 
1 have allowed it to remain several years out of print, having 
been much occupied in travelling through various parts of' 
Europe, and latterly in writing my Geological Evidences of 
the Anti(iuity of Man,” as well as the appendices to the 
second and third editions of that treatise. In the interval 
since 1855 I have published several supplements to the Ele- 
ments,” the contents of which are now incorporated in this 
work. This and other new matter, illustrated by more than 
50 new woodcuts, has added 130 pages to the volume, which 
has thus outgrown the dimensions usually assigned to a * 
]\Ianual. 1 have, therefore, restored to the l)ook its original 
title of The Elements of Geology,” under which name it 
first appeared in 1838, when it consisted of an expansion of 
the fourth book of my Principles of ^eofogy,” which had 
at that time reached a fiftl\ edition. . 

• • 

The l^lcments ” were successively re-edited, and in each 
case to a great extent recast, in the years 1842, 1851, 1852, . 
and 1855. On former occasions I have given a list of the 
principal correcrions and additions in which each new edition 
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differed from its predecessor, but I shall not attempt to offer 
the reader such a summary in the present case, fearing that 
that would prove tediously long.* 

A full index is given in this as in former editions, and 
the student will ohserA'e that all the organic remains of which 
there are woodcut figures in the text are p.inted in italics 
in the index. 

. CHARLES LYELL. 

53 Hahlet Street, IjOndoh: 

Bee. 20 ISei. 


* As it is impossible to enable the reader to recognize rocks and minerals at 
sight hy aitl of verbal descriptions or figures, he will do well to obtain a well- 
arranged collection of specimens, such as may be procured from Mr. Tennant 
(149 Strand), teacher of AMineralogy at King’s College, London. 
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GEOLOGY 


CHAPTER 1. 

ON THE DIFFERENT CLASSES OF BOCKS* 

Geology defined — Successive formation of the earth’s crust — Classification of rocks 
according to their origin and age — Aqueous rocks — Their stratification and im- 
bedded fossils — Volcanic rocks, with and without cones and craters — Plutonic 
rocks, and their relation to the volcanic — Mctamorphic rocks, and their probable 
origin — The term pnmitivc, why erroneously applied to the crystalline formations 
— Leading division of the work. 

Of what materials is the earth composed, and in what manner arc 
these materials arranged ? These are the first inquiries with which 
Geology is occupied, a science which derives its name from the Greek 
yi/, ge^ the earth, and Xoyor, a discourse. Previously to experience 
we might have imagined that investigations of this kind would relate 
exclusively to the mineral kingdom, and to the various rocks, soils, 
and metals, which occur upon the surface of the earth, or at various 
depths beneath it. But, in pursuing such researches, we soon find 
ourselves led on to consider the successive changes which have taken 
place in the former state of the earth’s surface and interior, and the 
causes whi(jh have given rise to these changes ; and, what is still 
more singular and unexpected, we soon become engaged in researches 
into the history of the animate creation, or of the •various tribes of 
animals and plants ‘which have, at different periods of the past, in- 
habited the globe. 

All are aware that the solid parts of the earth consist of distinct j 
substances, such as clay, chalk, sand, limestmll?^ c^al, slate, granite, 
and the like ; but previously to observation it f s commonly imagined 
that all these had remained from the first in the state in which we 
now see them, — that they werfe created in their present form, andjn* 
their present position. Tlfb geologist soon comes to a different con- 
clusion, discovering proofs that the external parts of the earth were 
not all produced in the beginning of things in the state in which we 
now behold them, nor in an instant of time. On jthe contrary, he 
can show that they have acquired their actual configuratioA and con- 
dition gradually, under a great variety of circumstances, and at suc- 
cessive periods, during eaeJj of which distinct ra^s of living beings 
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have flourished on the land and in the waters, the remains of these 
creatures still lying buried in the crust of the earth. 

By the “earth’s crust,” is meant that small portion of the exterior/ 
of our plapet which is accessible to human observation, or on which 
we are enabled to reason by observations m«ade at or near the surface. 
These reasonings may extend to a depth of several miles, perhaps ten 
miles; and even then it may bo said, that such a thickness is no 
more than part of the distance from the surface to the- centre. 
The remark is just; but although the dimensions of such a crust arc, 
in truth, insignificant when compared to the eiv^rc globe, yet they 
are vast, and of magnificent extent in relation fo man, and to the or- 
ganic beings which people our globe. Referring to this standard of 
magnitude, the geologist may admire the ample limits of his domain, 
and admit, at the same time, that not only the exterior of the planet, 
but the entire earth, is but an atom in the midst of the countless 
worlds surveyed by the astronomer. 

The materials of this crust are not thrown together confusedly; 
but distinct mineral masses, called rocks, are found to occupy definite 
spaces, and to exhibit a ccrtiiin order of arrangement. The term 
rock is applied indifferently by geologists to all these substances, 
whether they be soft or stony, for clay and sand are included in tho 
term, and some have even brought peat under this denomination. 
Our older writers endeavoured to avoid offering such violence to our 
language, by speaking of the component materials of the earth as 
consisting of rocks and soils. But there is often so insensible a pas- 
sage from a soft and incoherent state to that of stone, that geologists 
of all countries have found it indispensable to have one technical 
term to include both, and in this sense we find roche applied in 
French, rocca in Italian, and felsart in German. The beginner, 
h.owever, must constantly bear in mind, that the term rock by no 
means implies that a mineral mass is in an indurated or stony con- 
dition. 

The most natural and convenient mode of classifying the various 
rocks which compose the earth’s crust, is to refer, in the first place, 
to their origin, and in the second to their relative age. I shall 
therefore begin by endeavouring briefly to ex[fiain to the student 
how all rocks may be divided into four great classes by reference to 
their different origin, or, in other words, by reference to the different 
circuncLstances and caii es by which they liave been produced. 

Tlic first two divTSi«j[vis, which will at once be understood as natural, 
are the aqueous and volcanic, or the products of waterj and those of 
‘ igneous action at or near the surface. •' 

Aqueous rocks . — The aqueous rocks, 'sometimes called the sbdi-' 
mentary, or fossil iferous, cover a larger part of tlic earth’s surface 
than any others. These rocks arc stratified^ or divided into distinct 
layers, or strata. The term stratum means simply a bed, or any 
thing ‘sprelad out or strewed over a given surface ; and we infer that 
these strata have been generally spread out by the action of water, 
from what we daily ^see taking place near, the mouths of rivers, or on 
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the land during temporary inundations. For, whenever a running 
stream charged with mud or sand, has its velocity checked^ as when 
it enters a lake or sea, or overflows a plain, the sediment, previously 
held in suspension by the motion of the water, sinks, Jby its own 
gravity, to the bottom. In this manner layers of mud and sand are 
thrown down one upon another. 

If wc drain a lake which has been fed by a small stream, we fre- 
quently find at the bottom a series of deposits, disposed with consi- 
derable regularity, one above the other ; the uppermost, perhaps, may 
be a stratum of next below a more dense and solid variety of 
the same material ; i^ill lower a bed of shell-marl, alternating with 
peat or sand, and then other beds of marl, divided by layers of clay. 
Now, if a second pit be sunk through the same continuous lacustrine 
formation^ at some distance from the first, nearly the same series of 
beds is commonly met with, yet with slight variations ; some, for ex- 
ample, of the layers of sand, clay, or marl, may be wanting, one or 
more of them having thinned out and given place to others, or some- 
times one of the masses first examined is observed to increase in 
thickness to the exclusion of other beds. 

Tlie term formation which I have used in the above explana- 
tion, expresses in geology any assemblage of rocks which have some 
character in common, whether of origin, age, or composition. Thus 
we speak of stratified and unstratified, freshwater and marine, aqueous 
and volcanic, ancient and modern, metalliferous and non-metallifer- 
ous formations. 

In the estuaries of large rivers, such as tlie Ganges and the Missis- 
sippi, we may observe, at low water, phenomena analogous to those 
of the drained lakes above mentioned, but on a grander scale, and 
extending over areas several hundred miles in length and breadth. 
When the periodical inundations subside, the river hollows out a 
channel to the depth of many yards through horizontal beds of clay 
and sand, the ends of which are seen exposed in perpendicular clifis. 
These beds vary in their mineral composition, or colour, or in the 
fineness or coarseness of their particles, and some of them are occa- 
sionally characterized by containing drift wood. At the junction of 
the river and the sea. especially in lagoons nearly separated by sand 
bars from the ocean, deposits are often formed in which brackish- 
water and salt-water shells are included. 

In Egypt, where the Nile is always adding to its delta by filling 
up part of the Mediterranean with mud, the deposited sedi- 

ment is stratified^ the thin layer thrown down in one season diflering 
slightly in colour from that ofta previous year, and being separable • 
from it, as has been observed in excavations at Cairo, and otlier placed?* 

When beds of sand, clay, and marl, containing shells and vegetablev' 
matter, are found arranged in a similar manner in the interior of the 
earth, we ascribe to them a similar origin; and the more we examine 
their characters in minute detail, the more exact do we find the re- 
semblance. Thus, for example, at various heights and depths in the 

* See Principles of Geology, ‘by the Author, Index, Wile,” “ Rivers,'* &c. 
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earth, and often far from seas, lakes, and rivers, wc moot witli laycTs 
of rounded pebbles composed of flint, limestone, granite, or other rocks, 
resemblilig the shingles of a sea*beach or the gravel in a torrent’s bed. 
Such lay^ of pebbles frequently alternate with others formed 
of sand or fine sediment, just as we may see in the channel of a river 
descending from hills bordering a coast, where the current sweeps 
down at one season coarse sand and gravel, while at another, when 
the waters are low and less rapid, fino mud and sand alono are 
carried seaward.* 

If a stratified arrangement, and the roi.nded/jrm of pel> »lcs, are 
alono suflicient to lead us to tho conclusion thr<t certain rocks origi- 
nated under water, this opinion is farther confirmed by the distinct 
and independent evidence of fossils^ so abundantly included in tho 
earth^s crust. By o, fossil is meant any body, or the traces of tlio * 
existence of anj body, whether animal or vegetable, which hs^s been 
buried in the darth by natural causes. Now rhe remains of a liinals, 
especially of aquatic species, arc found almost everywhere imbedded, 
in stratified rocks, and sometimes, in the ease of limestone, they are 
in such abundance as to constitute the entire mass of tho rock itself. 
Shells and corals are tlie most frequent, and with them are often 
associated the bones and teeth of fishes, fragments of wood, im- 
pressions of leaves, and other organic substances. Fossil shells, of 
forms such as now abound in the sea, are met with far inland, botli 
near the surface, and at great depths below it. They occur at all 
heights above the level of the ocean, having been observed at eleva- 
tions of more than 8000 feet in tho Pyrenees, 10,000 in the Alps, 
13,000 ill the Andes, and above 18,000 feet in the Ilimalaya.f 

Those shells belong mostly to marine testacea, but in some places 
exclusively to forms characteristic of lakes and rivers. Hence it is 
concluded that some ancient strata were deposited at tho bottom of 
the sea, and others in lakes and estuaries. 

When geology was first cultivated, it was a general belief, that 
tlieso marine shells and other fossils were the eflccts and proofs of 
the deluge of Noah; but all who have carefully investigated tho 
phenomena have long rejected this doctrine. A transient flood 
might be supposed to leave behind it, hero and there upon the surface, 
scattered heaps of mud, sand, and shingle, with shells confusedly in- 
termixed ; but the strata containing fossils are not superficial depo- 
sits, and do not simple cover the earth, but constitute the entire mass 
of mountains. Wor fsrc the fossils mingled without reference to tho 
original habits and natures of the creatures of which they arc the 
• memorials ; those, for example, being found associated together which 
lived in deep or in shallow water, near tho shore or far from it, in 
brackish or in salt water. 

It has, moreover, been a favourite notion of some modern writers, 
who were aware that fossil bodies could not all be referred to tho 
deluge, that they, and the strata in which they are entombed, might 

* See p. 18. fig. 7. 

t CoL li. J. Strachey found oolitic fossils 18,^00 feet high in tho HimaJaya. 
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have been deposited in the bed of the ocean during the period which, 
intervened between the creation of man and the deluge. Thej have 
imagined that the antediluvian bed of the ocean, after having been* 
the receptacle of many stratified deposits, became converted, at the 
time of the flood, into the lands which we inhabit, and that the 
ancient continents were at the same time submerged, and became the 
bed of the present seas. This hypothesis, although preferable to the 
diluvial tlicory before alluded to, since it admits that all fossiliferous 
strata were succes^sively thrown down from water, is yet wholly 
inadequate to explaKa the repeated revolutions which the earth has 
undergone, and the signs which the existing continents exhibit, in 
most regions, of having emerged from the ocean at an era far more 
remote than four thousand years from the present time. *Ample 
proofs of these reiterated revolutions will be given in the sequel, and 
it will be seen that many distinct sets of sedimentary strata, hundreds 
and sometimes thousands of feet* thick, are piled one upon the other 
in the eartli’s crust, each containing peculiar fossil animals and plants 
of species distinguishable for the most part from all those now 
living. The mass of some of these strata consists almost entirely of 
corals, others are made up of shells, others of plants turned into coal, 
while some are without fossils. In one set of strata the species of 
fossils are marine; in another, lying immediately above or below, 
they as clearly prove that the deposit was formed in a lake or in a 
brackisli estuary. When the student has more fully examined into 
these appearances, he will become conv inced that the time required 
for the origin of the rocks composing the actual continents must 
nave been far greater than that whicli is conceded by the theory 
above alluded to; and likewise that no one universal or sudden 
conversion of sea into land will account for geological appearances. 

We have now pointed out one great class of rocks, which, however ^ 
they may vary in mineral composition, colour, grain, or other cha- 
racters, external and internal, may nevertheless be grouped together 
as having a common origin. They have all been formed under water, 
in tlie same manner as modern accumulations of sand, mud, shingle, 
banks of shells, reefs of coral, and the like, and are*all characterised 
by stratification or fossils, or by both. 

Volcanic rocks , — The division of rocks which we may next con- 
sider are the volcanic, or those which have beep produced at or near 
the surface whether in ancient or modern time/, j3o\by water, but by 
the action of fire or subterranean heat. ThJfee rocks are for the 
most part unstratified, and are devoid of fossils. They are more par- 
tially distributed than aqueous formations, at least in respect to hoTv- * 
zontal extension. Among those parts of Europe where they exhibit 
characters not to be mistaken, I may mention not only Sicily and the 
country round Naples, but Auvergne, Velay, and Vivarais, now the 
departments of Puy de Dome, Haute Loire, and Ardeche, towards 
the centre and south of Francq, in which are several hundred conical 
hills having the forms of modern volcanos, with craters more or less 
perfect on many of their summits. These cones are composed more- 
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over of lava, sand, and ashes, similar to those of active volcanos. 
Streams lof lava may sometimes be traced from the cones into llui 
adjoining valleys, where they have choked up the ancicait channels of 
rivers with solid rock, in the same manner as some modern Hows of 
lava in Iceland have been known to do, the rivers cdther flowing 
beneath or cutting out a narrow passage on one side of the lava. 
Although none of these French volcanos have been in activity within 
the period of history or tradition, their forms are often very perfect. 
Some, however, have been compared to the mere skeletons of vol- 
canos, the rains and torrents having washed the^ sides, and removed 
all the loose sand and scorije, leaving only the harder and more solid 
materials. By this erosion, and by earthquakes, their internal struc- 
ture has occasionally been laid open to view, in fissures and ravines ; 
and we then behold not only many successive beds and nmsscs of 
porous lava, send, and scoriae, but also perpendicular walls, r dikes^ 
as they are called, of volcanic rock, whicli have burst through tij.j 
other materials. Such dikes are also observed in the structure uf 
Vesuvius, Etna, and other active volcanos. They have been formed 
by the pouring of melted matter, whether from above or below, into 
open fissures, and they commonly traverse deposits of volcanic tuff, 
a substance produced by the showering down from the air, or in- 
cumbent waters, of sand and cinders, first shot up from tho interior 
of the earth by the explosions of volcanic gases. 

Besides the parts of France above alluded to, there are other 
countries, as the north of Spain, the south of Sicily, the Tuscan 
territory of Italy, the lower Bhenish provinces, and Hungary, where 
spent volcanos may be seen, still preserving in many cases a conical 
form, and having craters and often lava-streams connected with them. 

There are also other rocks in England, Scotland, Ireland, and 
almost every country in Europe, which we infer to be of igneous 
origin, although they do not form hills with cones and craters. Thus, 
for example, wo feel assured that the rock of Staffa, and that of the 
Giant’s Causeway, called basalt, is volcanic, because it agrees in its 
columnar structure and mineral composition with streams of lava 
which we know ’to have flowed from the craters of volcanos. We 
find also similar basaltic and other igneous rocks associated with 
beds of tiff in various parts of the British Isles, and forming dikes, 
such as have been spoken of ; and some of the strata through which 
these dikes cut Occasionally altered at the point of contact, as if 
they had been expos^^ to the intense heat of melted matter. 

The absence of cones and craters, and long narrow streams of 
Superficial lava, in England and many other countries, is principally 
to be attributed to the eruptions having been submarine, just 'as a 
considerable proportion of volcanos in our own times burst out 
beneath the sea. But this question must be enlarged upon more 
fully in the chapters on Igneous Rocks, in which it will also be 
shown, that as different sedimentary formations, containing each 
their characteristic fossils, have been deposited at successive periods, 
so also volcanic sand and scoriae have been thrown out, and lavas 
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have flowed over the land or bed of the sea, at many different epochs, 
or have been injected into fissures ; so that the igneous as well as 
the aqueous rocks may be classed as a chronological series of monu- 
ments, throwing light on a succession of events in the hiiytory of the 
earth. 

Plutonic rocks (Granite, &c.). — We have now pointed out the 
existence of two distinct orders of mineral masses, the aqueous and 
the volcanic: but if we examine a large portion of a continent, 
especially if it contain within it a lofty mountain range, we rarely fail 
to discover two oti!^ classes of rocks, very distinct from either of* 
those above alluded tK, and which we can neither assimilate to de- 
posits such as are now accumulated in lakes or seas, nor to thgse 
generated by ordinary volcanic action. The members of both these 
divisions of rocks agree in being highly crystalline and destitute of\ 
organic remains. The rocks of one division have been called plu- 
tonic, comprehending all the granites and certain porphyries, which 
are nearly allied in some of their characters to volcanic formations. 
The members of the other class are stratified and often slaty, and 
have been called by some the crystalline schists, in which group are 
included gneiss, micaceous-schist (or rnica-slate), hornblende-schist, 
statuary marble, the finer kinds of roofing slate, and other rocks 
afterwards to be described. 

As it is admitted that nothing strictly analogous to these crystalline 
productions can now be seen in the progress of formation on the 
earth’s surface, it will naturally be asked, on what data wo can find 
a place for them in a system of classification founded on the origin of 
rocks. I cannot, in reply to this question, pretend to give the 
student, in a few words, an intelligible account of the long chain of 
facts and reasonings by which geologists have been led to infer the 
analogy of the rocks in question to others now in progress at the 
surface. The result, however, may be briefly stated. All the various 
kinds of granite which constitute the plutonic family, are supposed 
to bo of igneous or aqueo-igneous origin, and to have been formed 
under great pressure, at a considerable depth in the earth, or 
soractiincs, perhaps under a certain weight of incumbent ocean. 
Like the lava of Volcanos, they have been melted, and afterwards 
cooled and crystallised, but with extreme slowness, and under condi- 
tions very different from those of bodies cooling in the open air. 
Hence they differ from the volcanic rocks, n*A only by their more 
crystalline texture, but also by the absenc6\bt''tuffs and breccias, 
which are the products of eruptions at the earth’s surface, or beneath 
seas of inconsiderable depth.* They differ also by the absence of* 
pofes or cellular cavities, to which the expansion of the entangfod 
gases gives rise in ordinary lava. 

Although granite has often pierced through other strata, it has 
rarely, if ever, been observed to rest upon them, as if it had over- 
flowed. But as this is continually the case with the volcanic -rocks, 
they have been styled, from tfiis peculiarity. “ overlying ” by Dr. Mac 
Culloch; and Mr..Necker Jias proposed the term underlying ” for 
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the granites, to designate the opposite mode in which they almost 
invariably present themselves. 

Metamorphicy or stratified crystalline rocks. — The fourth and last 
great divisjon of rocks are the crystalline strata and slates, or schists, 
called gneiss, mica-schist, clay-slate, chlorite-schist, marble, and the 
like, the origin of which is more doubtful than that of the other three 
classes. They contain no pebbles, or sand, or scoria?, or angular 
pieces of imbedded stone, and no traces of organic bodies, and they 
are often as crystalline as granite, yet are divided into beds, corre- 
sponding in form and arrangement to those of sodi^mciita ry formations, 
and are therefore said to be stratified. The b6ds someiimes consist 
of. an alternation of substances varying in colour, corn])osition, and 
thickness, precisely as we see in stratilied fossiliferous deposits. Ac- 
cording to the liuttonian theory, which 1 adopt as the most probable, 
and wliich will be afterwards more fully explained, the materials of 
these strata were originally deposited from waier in the usual form 
of sediment, but they were subsequently so altered by subterranean 
heat, as to assume a new texture. It is demonstrable, in some cases 
at least, that such a complete conversion has actually taken place, 
fossiliferous strata having exchanged an earthy for a highly crys- 
talline texture for a distance of a quarter of a mile from their contact 
with granite. In some cases, dark limestones, replete witli sludls and 
corals, have been turned into white statuary nifirblo, and hard clays, 
containing vegetable or other remains, into slates calked inica-sehist 
or hornblende-schist, every vestige of the organic bodies having been 
obliterated. 

Although we are in a great degree ignorant of the precise nature 
of the influence exerted in these cases, yet it evidently bears some 
analogy to that which volcanic heat and gases are known to pro- 
duce ; and the action may be conveniently called plutonic, because it 
appears to have been developed in those regions where plutonic 
rocks are generated, and under similar circuinst;inc(‘S of pr(*ssure and 
dt ptli in the earth. How far hot water or steam permeating stra- 
tified masses under great pressure has co-operated to produce the 
crystalline texture, may be matter of speculation, but it is clear 
that the plutonic influence has sometimes j^orvaded cutire mountain 
masses of strata. 

In accordance with the hypothesis above alluded to, I proposed in 
the first edition ^f yie Principles of Geology (1833), the term 
“ Metamorphic ” for Ae altered strata, a term derived from pera, 
meta, trans, and pop^rj, movphe, forma, 

^^ence there are four great classes of rocks considered in reference 
to their origin, — the aqueous, the volcanic, the plutonic, and the 
metamorphic. In the course of this work it will be shown, that 
portions of each of these four distinct classes have originated at 
many successive periods. They have all been produced contem- 
poraneously, and may even now be in the progress of formation on a 
large scale. It is not true, as was formerly supposed, that all granites, 
together with the crystalline or metamorpliic strata, were first formed, 
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and therefore entitled to be called " primitive,” and that the aqueousj 
and volcanic rocks were afterwards super-imposed, and should, there- 
fore, rank as secondary in the order of time. This idea was adopted 
in the infancy of the science, when all formations, whether stratified 
or unstratified, earthy or crystalline, with or without fossils, were 
alike regarded as of aqueous origin. At that period it was naturally 
argued, that the foundation must be older than the superstructure; 
but it was afterwards discovered, that this opinion was by no means 
in every instance a legitimate deduction from facts; for the inferior 
parts of tlie earth’s >^^ust have often been modified, and even entirely 
changed, by the influence of volcanic and other subterranean causes, 
while super-imposed formations liave not been in the slightest degree 
altered. In other words, the destroying and renovating processes 
have given birth to new rocks below, while those above, whether 
crystalline or fossiliferous, have remained in their ancient condition. 
Even in cities, such as Venice and Amsterdam, it cannot be laid 
down as universally true, that the upper parts of each edifice, whether 
of brick or marble, are more modern than the foundations on which 
they rest, for these often consist of wooden piles, which may have 
rotted and been replaced one after the other, without the least-injury 
to the buildings above ; meanwhile, these may have required scarcely 
any repair, and may have been constantly inhabited. So it is with the 
habitable surface of our globe, in its relation to large masses of rock 
immediately below : it may continue the same for ages, while sub- 
jacent materials, at a great depth, are passing from a solid to a fluid 
state, and then reconsolidating, so as to acquire a new texture. 

As all the crystalline rocks may, in some respects, be viewed as 
belonging to one great family, whether they be stratified or un- 
stratified, metam Orphic or plutonic, it will often be convenient to 
speak of them by one common name. It being now ascertained, as 
above stated, that they are of very different ages, sometimes newer 
than the strata called secondary, the terms primitive and primary 
which were formerly used for the whole must be abandoned, as they 
would imply a manifest contradiction. It is indispensable, therefore, 
to find a new name, one which must not be of chrdiiological import, 
and must express, on the one hand, some peculiarity equally attribu- 
table to granite and gneiss (to the plutonic as well as the altered 
rocks), and, on the other, must have reference to characters in which 
those rocks differ, both from the volcanic a^d fi'oni the tinaUered 
sedimentary strata. I proposed in the Princ^les of Geology (first 
edition, vol. iii.), the term “hyjgogene” foi* this purpose, derived from 
vTTo, under ^ and yivo/iai^ to be, or to be bom; a word implying 
theory that granite, gneiss, *and the other crystalline formations are 
alike netherformed rocks, or rocks which have not assumed their 
present form and structure at the surface. They occupy the lowest 
place in the order of superposition. Even in regions such as the Alps, 
where some masses of granite jand gneiss can be shown to be of com- 
paratively modern date, beloi^ging, for example, to the period here- 
after to be described as tertiary, they are stiU underlying rocks. 
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They never repose on the volcanic or trappean formations, nor on 
strata containing organic remains. Tliey are hypotjene^ as “ being 
under ” all the rest. 

From what has now been said, the reader will understand that 
each of the four great classes of rocks may be studied under two 
distinct points of view ; first, they may be studied simply as mineral 
masses deriving their origin from particular causes, and having a 
certain composition, form, and position in the earth’s crust, or other 
characters both positive and negative, such as the presence or absence 
of organic remains. In the second place, the ro^s of each class may 
be viewed as a grand chronological series of ntonuments, attesting a 
succession of events in the former history of the globe and its living 
inhabitiints. 

I shall accordingly proceed to treat of each family of rock< ; first, 
in reference to those characters which are not chronological, :Mid then 
in particular relation to the several periods when they were rmed. 


CHAPTER II. 

AQUEOUS ROCKS — THEIR COMPOSITION AND FORMS OF STRATIFI- 
CATION. 

Mineral composition of strata — Arenaceous rocks — Argillaceous — Calcareous — 
Gypsum — Forms of stratification — Original horizontality — Thinning out — Dia- 
gonal arrangement — Ilipi)le mark. 

In pui-suancc of the arrangement explained in the last chapter, we 
shall begin by examining the aqueous or sedimentary rocks, wliich 
are for the most part distinctly stratified, and contain fossils. We 
may first study them with reference to their mineral composition, 
external appearance, position, mode of origin, organic contents, and 
other characters which belong to them as aqueous formations, inde- 
pendently of their age, and we may afterwards consider them chrono- 
logically or with reference to the successive geological periods when 
they originated. 

I have already given an outline of the data which led to the belief 
that the stratifie(^an^ fossiliferous rocks were originally deposited 
under water ; but, befibro entering into a more detailed investigation, 
it will be desirable to say something of the ordinary materials of which 
sttph strata are composed. These may bo said to belong principally 
to three divisions, the arenaceous, the argillaceous, and the calca- 
reous, which are formed respectively of sand, clay, and carbonate of 
lime. Of these, the arenaceous, or sandy masses, are chiefly made 
up of siliceous or flinty grains; the argillaceous, or clayey, of a 
mixture of siliceous matter, with a certain proportion, about a fourth 
in weight, of aluminous earth; and, lastly, the calcareous rocks or 
limestones consist of carbonic acid and lime. 
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Arenaceous or siliceous rocks. — To speak first of the sandy divi- 
sion; beds of loose sand are frequently met witli, of which the grains 
consist entirely of silex, which term comprehends all purely siliceous 
minerals, as quartz and common flint. Quartz is silex in its purest 
form. Flint usually contains some admixture of alumina and oxide of 
iron. The siliceous grains in sand are usually rounded, as if by the 
action of running water. Sandstone is an aggregate of such grains, 
which often cohere together without any visible cement, but more 
commonly are bound together by a slight quantity of siliceous or 
calcareous matter, cr by oxide of iron or clay. 

Pure siliceous ro^s may be known by not effervescing when a 
drop of nitric, sulphuric or other acid is applied to them, or by the 
grains not being readily scratched or broken by ordinary pressure. 
In nature there is every intermediate gradation, from perfectly loose 
sand, to the hardest sandstone. In micaceous sandstones mica is 
very abundant ; and the thin silvery plates into which that mineral 
divides, are often arranged in layers parallel to the planes of strati- 
fleation, giving a slaty or laminated texture to the rock. 

When sandstone is coarse-grained, it is usually called grit. If the 
grains are rounded, and large enough to be called pebbles, it becomes 
a conglomerate or pudding-stone^ which may consist of pieces of one 
or of many different kinds of rock. A conglomerate, therefore, is 
simply gravel bound together by a cement. 

Argillaceous rocks. — Olay, strictly speaking, is a mixture of silex 
or flint with a large proportion, usually about one fourth, of alumina, 
or argil ; but in common language, any earth wliich possesses suffi- 
cient ductility, when kneaded up with water, to be fashioned like 
paste by the hand, or by the potter’s lathe, is called a dag; and such 
clays vary greatly in their composition, and are, in general, nothing 
more than mud derived from the decomposition or wearing down of 
rocks. The purest clay found in nature is porcelain clay, or kaolin, 
which results from the decomposition of a rock composed of felspar 
and quartz, and it is almost always mixed with quartz.* Shale has 
also the property, like clay, of becoming plastic in water: it is a«more 
solid form of clay, or argillaceous matter, condensed by pressure. It 
always divides into laminse more or less regular. 

One general character of all argillaceous rocks is to give out a 
peculiar, earthy odour when breathed upon, which is a test of the 
presence of alumine, although it does not b( long to pure alumine, 
but, apparently, to the combination of that stbsi'ance with oxide of 
iron.f 

Calcareous rocks. — This dWsion comprehends those rocks whicli^ 
likft chalk, are composed ehiefly of lime and carbonic acid. Shells 
and corals are also formed of the same elements, with the addition 

• The kaolin of China consists of 71*15 nearly equal parts of silica and alumine, 
parts of silex, 15*86 of alumine, 1*92 of with 1 per cent, of magnesia. (Phil, 
hrae, and 6*73 of water ("WI, Phillips, Mag. vol. x. 1837.) 

Mineralogy, p. 33.); but other por<^ain f See W. Phillips’s MixieralogT, ** AIu- 
clays differ materially, that of Cornwall mine.*’ 
being composed, according to Roasc, of 
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of animal matter. To obtain pure lime it is necessary to calcine 
these calcareous substances, that is to say, to expose them to heat of 
sufficient intensity to drive off the carbonic acid, and other volatile 
matter. Wliite chalk is sonietinios pure carbonate of lime ; and this 
rock, although usually in a soft and earthy state, is occasionally 
sufficiently solid to be used for building, and even passes into a 
compact stone, or a stone of which tlie separate parts are so minute 
as not to be distinguishable Irom each otlier by tlic naked eye. 

]Many limestones arc made up entirely of minute fragments of 
shells and coral, or of calcareous sand cemen^ together. These 
last might be called “ calcareous sandstones ; ” out that term is more 
properly applied to a rock in whicli the grains are partly cjilcareous 
and partly siliceous, or to quartzose sandstones, having a cement of 
carbonate of lime. 

The variety of limestone called “oolite” is composed of numerous 
small egg-like grains, resembling tho roe of a f t-h, each of which has 
usually a small fragment of sand as a nucleus, around which con- 
centric layers of calcareous matter have accumulated. 

Aity limestone which is sufficiently hard to take a line polish is 
called marble. Many of these are fossiliferous ; but statuary marble, 
which is also called saccharoid limestone, as having a texture re- 
sembling that of loaf-sugar, is devoid of fossils, and is in many cases 
a member of the metamorphic series. 

Siliceous limestone is an intimate mixture of carbonate of lime and 
dint, and is harder in proportion as the flinty matter predominates. 

The presence of carbonate of lime in a rock may be ascertained 
by applying to the surface a small drop of diluted sulphuric, nitric, 
or muriatic acids, or strong vinegar ; for the lime, having a greater 
chemical affinity for any one of these acids than for the carbonic, 
unities immediately with them to form new compounds, thereby be- 
coming a sulphate, nitrate, or muriate of lime. The carbonic acid, 
when thus liberated from its union with the lime, escapes in a gaseous 
form, and froths up or effervesces as it makes its way in small bubbles 
through the drop of liquid. This ellervcscence is brisk or feeble in 
proportion as the Jimestone is pure or impure, or, in other words, 
according to the quantity of foreign matter mixed with the carbonate 
of lime. Without the aid of this test, the most experienced eye 
cannot always detect the presence of carbonate of lime in rocks. 

The above-men tionc^d three classes of rockS) the siliceous, argil- 
laceous, and calcai^fou^;. pass continually into each other, and rarely 
occur in a perfectly separate and pure form. Thus it is an exception 
to the general rule to meet with a Kinestone as pure as ordinary 
white chalk, or with clay as aluminous as* that used in Cornwall for 
porcelain, or with sand so entirely composed of siliceous grains as the 
white sand of Alum Bay in the Isle of Wight, or sandstone so pure 
as the grit of Fontainebleau, used for pavement in France. More 
commonly we And sand and clay, or clay and marl, intermixed in the 
same mass, Wlien the sand and clay are each in considerable 
quantity, the mixture is called loam. If there is much calcareous 
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matter in clay it is called marl; but this term has unfortunately been 
used so vaguely, as often to be very ambiguous. It has been applied 
to substances in which there is no lime ; as, to that red loam usually 
called red marl in certain parts of England. Agriculturists were 
in the habit of calling any soil a marl, which, like true marl, fell to 
pieces readily on exposure to the air. Hence arose the confusion of 
using this name for soils which, consisting of loam, were easily 
worked by the plough, though devoid of lime. 

Marl slate bears the same relation to marl which shale bears to 
clay, being a calcareous shale. It is very abundant in some countries, 
as in the Swiss AlpSi. Argillaceous or marly limestone is also of 
common occurrence. 

There are few other kinds of rock which enter so largely into the 
composition of sedimentary strata as to make it necessary to dwell 
here on their characters. I may, however, mention two others, — 
magnesian limestone or dolomite, and gypsum. Magnesian limestone 
is composed of carbonate of lime and carbonate of magnesia; the 
proportion of the latter amounting in some cases to nearly one half. 
It effervesces much more slowly and feebly with acids than common 
limestone. In England this rock is generally of a yellowish colour ; 
but it varies greatly in mineralogical character, passing from an 
earthy state to a white compact stone of great hardness. Dolomite, 
so common in many parts of Germany and France, is also a variety 
of magnesian limestone, usually of a granular texture. 

Gypsum, — Gypsum is a rock composed of sulphuric acid, lime, 
and water. It is usually a soft whitish-yellow rock, with a texture 
resembling that of loaf-sugar, but sometimes it is entirely composed 
of lenticular crystals. It is insoluble in acids, and does not effervesce 
like chalk and dolomite, because it does not contain carbonic acid 
gas, or fixed air, the lime being already combined with sulphuric 
acid, for which it has a stronger affinity tlian for any other. An- 
hydrous gypsum is a rare variety, into which water does not enter 
as a component part. Gypseous marl is a mixture of gypsum and 
marl. Alabaster is a granular and compact variety of gypsum found 
in masses large enough to be used in sculpture and# architecture. It 
is sometimes a pure snow-white substance, as that of Volterra in 
Tuscany, well known as being carved for works of art in Florence 
and Leghorn. It is a softer stone than marble, and more easily 
wrought. 

Forms of stratification , — A series of stratiV sometimes consists of 
one of the above rocks, sometimes of two' or more in alternating beds. 

Thus, in the coal districts of England, for example, we often pajuir 
thrt)ugh several beds of sfindstone, some of finer, others of coarser 
grain, some white, others of a dark colour, and below these, layers 
of shale and sandstone or beds of shale, divisible into leaf-like laminae, 
and containing beautiful impressions of plants. Then again we meet 
with beds of pure and impure coal, alternating with shales and sand- 
stones, and underneath the wliole, perhaps, are calcareous strata, or 
beds of limestone, •filled w4h corals and marine shells, each bed dis- 
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tinguisliablc from another by certain fossils, or by the abundance of 
particular species of shells or zoophytes. 

This alternation of dilferent kinds of rock produce's the most dis- 
tinct stratification ; and wo often find beds of lime>toiie and marl, 
conglomerate and sandstone, sand and clay, recurring again and again, 
in nearly regular order, throughout a series of many liundred strata. 
The causes which may produce these phenomena arc various, and 
liave been fully discussed in my treatise on the modern changes of 
the earth’s surfiice.* It is there seen that rivers flowing into lakes 
and seas are charged with sediment, varying in quantity, composition, 
colour, and grain according to the seasons ; the waters are sometimes 
flooded and rapid, at other periods low and feeble ; dilferent tribu- 
taries,' also, draining peculiar countries and soils, and therefore 
charged with peculiar sediment, are swollen at distinct periods. It 
was also shown that the waves of the sea and currents undermine the 
clilfs during wintry storms, and sweep away the materials into the 
deep, after which a season of tranquillity succeeds, wdien nothing but 
the finest mad is spread by the movements of the ocean over the 
same submarine area. 

It is not the obj(*ct of the present work to give a description of 
these operations, repeated as th(*y are, year after year, and century 
after Century ; but I may suggest an explanation of the manner in 
which ^unle micaceous sandstones have originated, namely, those in 
wiiich we see innumerable thin layers of mica dividing layers of lino 
f[iiiirtzosc sand. 1 observed the same arrangement of materials in 
recent mud deposited in the estuary of La Roche St. Bernard in Brit- 
tany, at the mouth of the Loire. The surrounding rocks arc of gneiss, 
which, by its waste, supplies the mud: when this dries at low water, 
it is found to consist of brown laminated clay, divided by thin scams 
of mica. The separation of the mica in this case, or in that of mica- 
ceous sandstones, may be thus understood If we take a handful of 
quartzosc sand, mixed with mica, and throw it into a clear running 
stream, avc see the materials immediately sorted by the water, the 
grains of quartz falling almost directly to the bottom, while the plates 
of mica take a much longer time to reach the bottom, and arc carried 
farther down the stream. At the first instant the water is turbid, but 
immediately after the flat surfaces of the plates of mica are seen all 
alone reflecting a silvery light, as they descend slowly, to form a dis- 
tinct micaceous L\min?. The mica is the heavier mineral of the two ; 
but it remains a longer time suspended in the fluid, owing to its 
greater extent of surface. It is easy, therefore, to perceive that 
• where such mud is acted upon by a river or tidal current, the thin 
plates of mica will be carried farther, arid not deposited in the same 
j)laces as the grains of quartz ; and since the force and velocity of the 
stream varies from time to time, layers of mica or of sand will be 
thrown down successively on the same area. 

Original horizontality . — It is said ^generally that the upper and 

* Consult Index to Principles of Geology, “ Stratification,*’ " Currents,” 

" Deltas,” “ Water,” 



Oil. II.] nORIZONTALITY OP STRATA. 15 

under surfiices of strata, or the planes of stratification,” arc parallel. 
Although this is not strictly true, they make an approach to parallelism, 
for the same reason that sediment is usually deposited at first in nearly 
horizontal layers. Such an arrangement can by no means be attri- 
buted to an original evenness or horizontality in the bed of the sea: 
for it is ascertained that in those places where no matter has been 
recently deposited, the bottom of the ocean is often as uneven as that 
of the dry land, having in like manner its hills, valleys, and ravines. 
Yet if the sea should sink, or the water be removed near the mouth 
of a large river where a delta has been forming, we should see 
extensive plains of ifhid and sand laid dry, which, to the eye, would 
appear perfectly level, although, in reality, they would slope gently 
from the land towards the sea. • 

This tendency in newly-formed strata to assume a horizontal posi- 
tion arises principally from the motion of the water, which forces 
along particles of sand or mud at the bottom, and Causes them to 
settle in hollows or depressions where they are less exposed to the 
force of a current than when they are resting on elevated points. 
The velocity of the current and the motion of the superficial waves 
diminish from the surface downwards, and are least in those depres- 
sions where the water is deepest. 

A good illustration of the principle here alluded to may be 
sometimes seen in the ncighbourliood of a volcano, when a section, 
whether natural or artificial, has laid open to view a succession of 
various-coloured layers of sand and ashes, whicli have fallen in 
showers uj)oii uneven ground. Thus let A B (fig. 1 .) be two ridges, 
with an intervening valley. These original inequalities of the 
surface have been gradually effiiccd by beds of sand and ashes 
c, (/, e, the surface at e being quite level. It will be seen that, 
although the materials of the first layers have accommodated tliem- 

s-elvcs in a great degree to the shape 
of the ground A B, yet each bed is 
thickest at the bottom. At first a 
great many particles would be carried 
by their own gravitj; down the steep 
sides of A and B, and others would afterwards be blown by the wind 
as they fell off the ridges, and would settle in the hollow, which 
would thus become more and more effaced as the strata accumulated 
from c to e. This levelling operation may perhaps be rendered more 
clear to the student by supposing a number of|jparallel trenches to he 
dug in a plain of moving sand, like the African desert, in which case 
the wind would soon cause all «igns of these trenches to disappea^- 
and* the surface would be •as uniform as before. Now, water in 
motion can exert this levelling power on similar materials more 
easily than air, for almost all stones lose in water more than a third 
of the weight which they have in air, the specific gravity of rocks 
being in gcncrjil as when compared to that of water, whicli is 
estimated at 1 . But the budyancy of sand or mud would be still 
greater in the sea, §,3 the density of salt water exceeds that of fresh. 


Filf. 1. 
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Tet, however uniform and horizontal may be the surface of new 
deposits in general, there are still many disturbing causes, such as 
eddies in the water, and currents moving first in one and then in 
another direction, which frequently cause irregularities. Wo may 
sometimes follow a bed of limestone, shale, or sandstone, for a dis- 
tance of many hundred yards continuously ; but wo generally find 
at length that each individual stratum thins out, and allows the beds 
which were previously above and below it to meet. If the materials 
are coarse, as in grits nnd conglomerates, the same beds can rarely 
be traced many yard =» without varying in size, and often coming to an 
end abruptly. (See fig V • / 

Fig. 2. 



Suction ot strata of sancbtoiic, grit, and conglomerate. 


Diagonal or cross stratification, — There is also another phe- 
nornenuii of frequent occurrence. We find a series of larger strata, 
each of which is composed of a number of minor layers placed 


Fig. 3. 



Section of sand at Sandy Hill, near Biggleswade, Bedfordshire, 
ll^ght 20 tcut. (Green-sand furinaiiun.) 


obliquely to the general planes of stratification. To this diagonal 
arrangement the name of “ false pr cross bedding ” has been 
'’given. Thus in the aimexed section (fig^. 3.) we see seven or c^ght 
large beds of loose sand, yellow and brown, and the lines a, 6, c, 
mark some of the principal planes of stratification, which are nearly 
horizontal. But the greater part of the subordinate laminss do not 
conform to these planes, but have often a steep slope, the inclination 
being sometimes towards opposite points of the compass. When the 
sand is loose and incoherent, as in the case hero represented, the 
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deviation from parallelism of the slanting laminm cannot possibly be 
accounted for by any re-arrangement of the particles acquired during 
the consolidation of the rock. In what .manner then can such irre- 
gularities be due to original deposition ? We must suppose that at 
the bottom of the sea, as well as in the beds of rivers, the motions of 
waves, currents, and eddies often cause mud, sand, and gravel to be 
thrown down in heaps on particular spots instead of being spread 
out uniformly over a wide area. Sometimes, when banks are thus 
formed, currents may cut passages through them, just as a river 
forms its bed. Suppose the bank A (fig. 4.) to be thus formed with 


Fig. 4. 



a steep sipping side, and the water being in a tranquil state, the layer 
of sediment No. 1. is thrown down upon it, conforming nearly to its 
surface. Afterwards the other layers, 2, 3, 4, may be deposited in 
succession, so that the bank B C D is formed. If the current then 
increases in velocity, it may cut away the upper portion of this mass 
down to the dotted line e (fig. 4.), and deposit the materials thus 
removed farther on, so as to form the layers 5, 6, 7, 8. We have 
now the bank BODE (fig. 5.}, of which the surface is almost level 


Fig. 5. 



and on which the nearly horizontal layers, 9, 10, 11, may then 
accumulate. It was shown in fig. 3. that the diagonal layers of suc- 
cessive strata may sometimes have an opposite slope. This is well 
seen in some cliffs of loose sand on the Suffolk coast. A portion 

of one of these is represented in 
fig. 6., where the layers, of which 
there are about six in the thick- 
ness of an i:fch, are composed of 
quartzose grains. This arrange- 
ment may have been due to the 
altered direction of the tides and ^ 
currents in the same place. 

The description above given of the slanting position of the minor 
layers constituting a single stratum is in certain cases applicable on a 
much grander scale to masses several hundred feet thick, and many 
miles in extent. A fine example may be seen at the base of the 
Maritime Alps near Nice. The mountains here terminate abruptly 
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in the sea, so that a depth of one hundred fathoms is oft on found 
mthin a stone’s throw of the beach, and sometimes a depth of 3000 
feet within half a mile. But at certain points, strata of sand, marl, 
or conglomerate, intervene between the shore and the mountains, as 
in the annexed fig. (7.), where a vast succession of slanting beds 


Monte Calva Rg- L 



A Dolomite and s<indstone. (Green-sand formation ?) 

a, 6, d. Bcils of gravel and sand. 

c. Fine marl and sand of Ste. Madeleine, with marine sliclls. 

of gravel and sand may be traced from the sea to iVIontc Calvo, a 
distance of no less than 9 miles in a straight line. The dip of tliese 
beds is remarkably uniform, being always southward or towards tho 
Mediterranean, at an angle of about 25°. They are exposed to view 
in nearly vertical precipices, varying from 200 to 600 feet in heiglit, 
which bound the valley through which the river Magnan flows. 
Although, in a general view, the strata appear to be parallel and 
nniforin, they are nevertheless found, when examined closely, to bo 
wedge-shaped, and to thin out when followed for a few hundred feet 
or yards, so that we may suppose them to have been thrown down 
originally upon the side of a steep bank where a river or alpino 
torrent discharged itself into a deep and tranquil sea, and formed a 
delta, which advanced gradually from the base of Monte Calvo to a 
distance of 9 miles from the original shore. If subsequently this 
part of the Alps and bed of the sea were raised 700 feet, the coast 
would acquire its present configuration, the delta would emerge, and 
a deep channel might then be cut through it by a river. 

It is well known that the torrents and streams, which now descend 
from the alpine declivities to the shore, bring down annually, when 
the snow melts, vast quantities of shingle and sand, and then, as they 
subside, fine mud, w^|ile in summer they are nearly or entirely dry ; 
so that it maybe safe ly assumed, that deposits like those of the valley 
of the Magnan, consisting of coarse gravel alternating with fine 
sediment, arc still in progress at many points, as, for instance, at tho 
mouth of the Var. They must advance upon the Mediterranean in 
the form of great shoals terminating in a steep talus ; such being the 
original mode of accumulation of all coarse materials conveyed into 
deep water, especially where they are composed in great part of 
pebbles, which cannot be transported to indefinite distances by cur- 
rents of moderate velocity. By inatfention to facts and inferences 
of this kind, a very exaggerated estimate has sometimes been made 
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of the supposed depth of the ancient ocean. There can be no doubt, 
for example, that the strata a, fig. 7., or those nearest to Monte 
Calvo, are Mer than those indicated bj £, and these again were 
formed before c ; but the vertical depth of gravel and sand in any 
one place cannot be proved to amount even to 1000 feet, although 
it may perhaps be much greater, yet probably never exceeding at 
any point 3000 or 4000 feet. But were we to assume that all the 
strata were once horizontal, and that their present dip or inclination 
was due to subsequent movements, we should then be forced to con- 
clude, that a sea several miles deep had been filled up with alternate 
layers of mud and pebbles thrown down one upon another. 

In the locality now under consideration, situated a few miles to the 
west of Nice, there are many geological data, the details of .which 
cannot be given in this place, all leading to the opinion, that when 
the deposit of the Magnan was formed, the shape and outline of tlie 
alpine declivities and the shore greatly resembled nvli at we now 
behold at many points in the neighbourhood. That the beds, a, A, c, i/, 
are of comparatively modern date is proved by this fact, that in seams 
of loamy marl intervening between the pebbly beds are fossil shells, 
half of which belong to species now living in the Mediterranean. 

Ripple mark. — The ripple mark, so common on the surfiice of 
sandstones of all ages (see fig. 8.), and which is so often seen on the 


Fir. 8. 



sea-shore at low tide, seems to originate in the drifting of materials 
along the bottom of the water, in a manner very similar to that which 
may explain the inclined layers above described. This ripple is not 
entirely confined to the be aclip between high and low water mark, but 
is also produced on sands which are constantly covered by water. 

C 2 
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Similar undulating ridges and furrows may also bo sonK'tiinos soon 
on the surface of drift snow and blown sand. The follo^viiig is the 
manner in which I once observed the motion of the air to produce 
this effect on a large extent of level beach, exposed at low tide near 
Calais. Clouds of fine white sand were blown from the neighbour- 
ing dunes, so as to cover the shore, and whiten a dark level sur- 
face of sandy mud, and this fresh covering of sand was beautifully 
rippled. On levelling all the small ridges and furrows of this ripple 
over an area of several yards square, I saw them perfectly restored in 
about ten minutes, the general direction of the ridges being always at 
right angles to that of the wind. The restoration began by the ap- 
pearance here and there of small detached heaps of sand, which so a 
lengthened and joined together, so as to form Ion; sinuous ridges wi i 
intervening furrows. Each ridge had one side tl ghtly inclined, ai I 
the other steep ; the lee-side being always ste^^p, is e, — e ; t n 
windward-side a gentle slope, as a, — c, d, fig. 9. When a gust f 


Fig. 9. 



wind blew with sufficient force to drive along a cloud of sand, all 
the ridges were seen to bo in motion at once, each encroaching on 
the furrow before it, and, in the course of a few minutes, filling the 
place which the furrows had occupied. The mode of advance was 
by the continual drifting of grains of sand up the slopes a h and c c?, 
many of which grains, when they arrived at b and d^ fell over the 
scarps h c and d e, and were under shelter from the wind ; so that 
they remained stationary, resting, according to their shape and mo- 
mentum, on different parts of the descent, and a few only rolling to 
the bottom. In this manner each ridge was distinctly seen to move 
slowly on as often as the force of the wind augmented. Occasionally 
part of a ridge, advancing more rapidly than the rest, overtook the 
ridge immediately before it, and became confounded with it, thus 
causing those bifurcations and branches which are so common, and 
two of which are seen in the slab, fig. 8. We may observe this con- 
figuration in sandstones of all ages, and in them also, as now on 
the sea-coast, we may often detect two systems of ripples interfering 
with each other ; one more ancient and half effaced, and a newer one, 
in which the grooves and ridges are more distinct, and in a different 
direction. This crossing of two sets of ripples arises from a change 
of wind, and the new direction in which the waves are thrown on the 
shore. 

The ripple mark is usually an indication of a sea-beach, or of 
water from 6 to 10 feet deep, for the agitation caused by waves even 
during storms extends to a very slight depth. To this rule, however, 
there are some exceptions, and recent ripple marks have been ob- 
served at the depth of 60 or 70 feet. It has also been ascertained that 
currents or large bodies of water in motion n^iy disturb mud and 
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sand at tlie depth of 300 or even 450 feet.* Beach ripple, however, 
may usually be distinguished from current ripple by frequent changes 
in its direction. In a slab of sandstone, not more than an inch thick, 
the furrows or ridges of an ancient ripple may often be seen in several 
successive laminas to run towards different points of the compass. 


CHAPTER III. 

ARRANGEMENT OP FOSSILS IN STRATA FRESHWATER AND MARINE. 

Successive deposition indicated by fossils — Limestones formed of corals and shells — 
Proofs of gradual increase of strata derived from fossils — Sei 9 )ula attached to 
spatangus — Wood bored by tcredina — Tripoli and semi-opal formed of infusoria 
— Chalk derived principally from organic bodies — Distinction of freshwater from 
marine formations — Genera of freshwater and land shells — Rules for recognizing 
marine tcstacca — Gyrogonitc and chara — Freshwater fishes — Alternation of 
marine and freshwater deposits — Lym-Fiord. 

Having in the last chapter considered the forms of stratification so 
far as they arc determined by the arrangement of inorganic matter, 
we may now turn our attention to the manner in which organic re- 
mains are distributed through stratified deposits. We should often 
be unable to detect any signs of stratification or of successive deposi- 
tion, if particular kinds of fossils did not occur here and there at 
certain depths in the mass. Atone level, for example, univalve shells 
of some one or more species predominate ; at anotlicr, bivalve shells ; 
and at a third, corals while in some formations we find layers of 
vegetable matter, commonly derived from land plants, separating 
strata. 

It may appear inconceivable to a beginner how mountains, several 
thousand feet thick, can have become filled with fossils from top to 
bottom ; but the difficulty is removed, when he reflects on the origin 
of stratification, as explained in the last chapter, anfl allows sufficient 
time for the accumulation of sediment. He must never lose sight of 
the fact that, during the process of deposition, each separate layer 
was once the uppermost, and covered immediately by the water in 
which aquatic animals lived. Each stratum H fact, however far it 
may now lie beneath the surface, was once in the state of shingle, or 
loose sand or soft mud at the bpttom of the sea, in which shells and 
other bodies easily became enveloped. 

By attending to the nature of these remains, wc are often enabled 
to determine whether the deposition was slow or rapid, whether it 
took place in a deep or shallow sea, near the shore or far from land, 
and whether the water was salt, brackish, or fresh. Some limestones 
consist almost exclusively of .corals, and in many cases it is evident 

♦ Edin. New Phil. Journ. vol. xxxi.; and Darwin, Vole. Islands, p. 134. 
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that the present position of each fossil zoophyte has been detcriniLod 
by the manner in which it grew originally. The axis of the coral, 
for example, if its natural growth is erect, still remains at right angles 
to the plane of stratification. If the stratum be now horizontal, tho 
round spherical heads of certain species continue uppermost, and 
their points of attachment are directed downwards. This arrange- 
ment is sometimes repeated throughoi t a great succession of strata. 
From what we know of the growth ot similar zoophytes in modern 
reefs, we infer that tlie rate of increase was extremely slow, and some 
of the fossils must have flourished for ages like forest trees, before 
tliey iittaincd so large a size. During these ages, the water remained 
clear and transparent, for such corals cannot live in turbid water. 

In like manner, when we see thousands of full-grown shells dis- 
persed every where throughout a long series of strata, wo cannot 
doubt that time was required for the multiplication of successiyo 
generations ; and the evidence of slow accumulation rendered more 
striking from the proofs, so often discovered, of fossil bodies having 
lain for a time on the floor of the ocean after death before they were 
imbedded in sediment. Nothing, for example, is more common than 
to see fossil oysters in clay, with serpulcc, or barnacles (acorn-shells), 
or corals, and other creatures, attached to the inside of the valves, so 
that the mollusk was certainly not buried in argillaceous mud the 
moment it died. There must have been an intervfil during which it 
was still surrounded with clear water, when the creatures whose re- 
mains now adhere to it, grew from an embryo to a mature state. 
Attached shells which are merely external, like some of the ser- 
pula3 (a) in the annexed figure (fig. 10.), may often have grown 
upon an oyster or other shell while the animal within was still living; 

but if they are found on the inside, 
it could only happen after tho 
death of the inhabitant of the sliell 
which afibrds the 8Ui)port. Thus, 
in lig. 10., it will be seen that two 
serpulae have grown on the inte- 
rior, one of them exactly on the 
place where the adductor muscle 
of the Grypheea (a kind of oyster) 
was fixed. 

Some fossil shells, even if simply 
attached to the outside of others, 
bear full testimony to the conclu- 
sion above alluded to, namely, that 
an interval elapsed between tho 
death of the creature to whoso 
shell they adhere, and the burial of 
the same in mud or sand. The sca- 
iircliins or Echini^ so abundant in 
white chalk, afford a good illustra- 
tion. • It is well known that these 
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animals, when living, are invariably covered with numerous suckers, 
or gelatinous tubes, called ^^ambulacral,” because they serve as organs 
of motion. They are also armed with spines supported by rows of 
tubercles. These last are only seen after the death of the sea-urchin, 
when the spines have dropped off. In fig. 12. a living species of 
SpaianguSy common on our coast, is represented with one half of its 

Fig. 11. Fig. 12. 

ff 

i 




Serpula attached fu 
a fottbil Spatangus 
from the ctialk. 


Recent Spatangus with the spines 
removed from one side. 

b Spine and tubercles, ^at. size, 
a. The same magnified. 


shell stripped of the spines. In fig. 1 1. a fossil of the same genus 
from the white chalk of England shows the naked surface which the 
individuals of this family exhibit when denuded of their bristles. 
The full-grown Serpula^ therefore, which now adheres externally, 
could not have begun to grow till the Spatangus had died, and the 
spines wore detached. 

Now the series of events here attested by a single fossil may be 
carried a step farther. Thus, for example, we often meet with a sea- 
urchin in the chalk (see fig. 13.), which has fixed to it the lower 
valve of a Crania^ a genus of bivalve mollusca. The upper valve 
(6, fig. 13.) is almost invariably wanting, though 
occasionally found in a perfect state of preservation 
in white chalk at some distance. In this case, we 
see clearly that the sea-urchin first lived from youth 
to age, then died and lost its spines, which were 
carried away. Then the young Crania adhered 
to the bared shell, grew and perished in its turn ; 

a. £cAj>jMs fmmthe^^^ which the Upper valve was separated from 

b. uppTr”vSi?l%f^Sran*^ lower before the Echinus became enveloped in 

detached. chalky mud. 

It may be well to mention one more illustration of the manner in 
which single fossils may sometimes throw light on a former state of 
things, both in the bed of the ocean and on some adjoining land. We 
meet with many fragments of wood bored by ship-worms at various 
depths in the clay on which London is built. Entire branches and 
stems of trees, several feet in length, are sometimes dug out, drilled * 
all over by the holes of theSe borers, the tubes and shells of the mol- 
lusk still remaining in the cylindrical hollows. In fig. Id. e, a re- 
presentation is given of a piece of recent wood pierced by the Teredo 
navalisy or common ship-worm, which destroys wooden piles and 
ships. When the cylindrical, tube d has been extracted from the 
wood, a shell is seen at the larger extremity, composed of two pieces 
as shown at c. In like manner, a piece of foss|l wood (a, fig. 14.) 


Fig. 13. 
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has been perforated by an animal of a kindred but extinet genus, 
called Teredina by Lamarck. The calcareous tube of this mollusk 
was united and as it were soldered on to the valves of the shell (/>), 


Fig. 14. 



Fossil and recent wood drilled by perforating Mullusca. 


Fig. 14. a. Fossil wood from London clay, bored by Teredina. 

b. Shell and tube of Teredina pertonaia, the right-hand figure the ventral, the left the 

dorsal view. 

Fig. 15. e. Recent wood bored by Teredo. 

d. Shell and tube of Teredo navalis, iVom the same. 

c. Anterior and posterior view of the vidves of same detached from the tube. 

which therefore cannot be detached from the tube, like the valves of 
the recent Teredo, The wood in this fossil specimen is now con- 
verted into a stony mass, a mixture of clay and lime; but it must 
once have been buoyant and floating in the sea, when the Teredhice 
lived upon it, perforating it in all directions. Again, before the 
infant colony settled upon the drift wood, the branch of a tree must 
have been floated down to the sea by a river, uprooted, perhaps, by a 
flood, or torn off and cast into the waves by the wind : and thus our 
thoughts are carried back to a prior period, when the tree grew for 
years on dry land, enjoying a fit soil and climate. 

It has been already remarked that there are rocks in the interior 
of continents, at various depths in the earth, and at great heights 
above the sea, almost entirely made up of the remains of zoophytes 
and testacea. Such masses may be compared to modern oyster-beds 
and coral-reefs ; and, like them, the rate of increase must have been 
extremely gradual. But there are a variety of stony deposits in the 
earth’s crust, now proved to have been derived from plants and 
animals of which the organic origin was not suspected until of lato 
“ years, even by naturalists. Great surprise was therefore created by 
the recent discovery of Professor EhrenbeVg, of Berlin, that a certain 
kind of siliceous stone, called tripoli, was entirely composed of mil- 
lions of the remains of organic beings, which were formerly referred 
to microscopic Infusoria, but which are now supposed to be plants. 
They abound in freshwater lakes and, ponds in England and other 
countries, and are termed Diatomacese by those naturalists who 
believe in their vegetable origin. The substance alluded to has 
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long been well known in the arts, being used in the form of powder 
for polishing stones and metals. It has been procured, among other 
places, from Bilin, in Bohemia, where a single stratum, extending 
over a wide area, is no less than 14 feet thick. This stone, when ex- 
amined with a powerful microscope, is found to consist of the sili- 


Fig. ir>. Fig. 17. Fig. 18. 



^actllaria GaUloneUa GailtoneUa 

vulgaris t dittara, /erruginea. 


These figures are magnified nearly 300 times, except the lower figure of G./erruginea (fig. 18. a). 

which is magnified 2000 times. . 


Fig. 20. 


Fig. 19. 


ceous plates or frustules of the above-mentioned Diatomaceae, united 
together without any visible cement. It is difficult to convey an idea 
of their extreme minuteness ; but Ehrenberg estimate's that in the 
Bilin tripoli there are 41,000 millions of individuals of the Gaillonella 
distans (see fig. 17.) in every cubic inch, which weighs about 220 
grains, or about 187 millions in a single grain. At every stroke, 
therefore, that we make with this polishing powder, several millions, 
perhaps tens of millions, of perfect fossils are crushed to atoms* 

The remains of these Diatomacese are of pure silex, and their forms 
are various, but very marked and constant in particular genera 

and species. Thus, in the 
family Bacillaria (see fig. 
16.), the fossils preserved 
in tripoli are seen to ex- 
hibit the same divisions 
and transverse lines which 
characterize the living spe- 
cies of kindred form. With 
these, also, the siliceous 
spiculse or internal sup- 
ports of the freshwater 
sponge, or Spovgilla of 
Lamarck, are sometimes in- 
termingled (see the needle- 
shaped bodies in fig. 20.). 
These flinty cases and spi- 
culse, although hard, are 
very fragile, breaking like 
glass, and are therefore • 
admirably adapted, when 
rubbed, for wearing down 
into a fine powder fit for 
Fragment of semi-opal from the great bed of tripoli, Bilin. polishing the Surface of 



Fig. 19. Natural sixe. 

Fig. 20. The same magnified, showing dibular articula- 
tions of a species of Gaillonella, and spiculte of 
Spongilla, 


metals. 

Besides the tripoli, formed 
exclusively of the fossils 
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above described, there occurs in the upper part of the great stratum 
at Bilin another heavier and more compact stone, a kind of semi- 
opal, in which innumerable parts of Diatomacca3 and spiculie >f the 
Spongilla are hlled with, and cemented together by, siliceous matter. 
It is supposed that the siliceous remains of the most delicate Dia- 
toraaceas have been dissolved by water, and have thus given rise to 
this opal in which the more durable fossils are preserved like insects 
in amber. This opinion is confirmed by the fact that the organic 
bodies decrease in number and sharpness of outline in proportion as 
the opaline cement increases in quantity. 

In the Bohemian tripoli above described, as in that of Planitz in 
Saxony, tlie species of Diatoinacem (or Infusoria, as termed by Eliren- 
berg) aie freshwater ; bui in otlier countries, as in the tripoli of the 
Isle of France, they are of marine species, and they all belong to 
formations of the tertiary period, wliich will be spoken of hereafter. 

A well-kncwn substance, called bog-iron ore, often met with in 
peat-mosses, has also been shown by Ehrenberg to consist of innu- 
merable articulated threads, of a yellow ochre colour, composed 
partly of flint and partly of oxide of iron. These threads are the 
cases of a minute microscopic body, called Gaillonella ferruginea 
(fig. 18.). 

It is clear that much time must have been required for the accu- 
mulation of strata to which countless generations of Diatomaceae have 
contributed their remains ; and these discoveries lead us naturally to 
suspect that other deposits, of which the materials have been sup- 
posed to be inorganic, may in reality be composed chiefly of micro- 
scopic organic bodies. That this is the case with the white 
chalk, lias often been imagined, this rock having been observed to 
abound in a variety of marine fossils, such as echini, testacea, 
bryozoa, corals, sponges, Crustacea, and fishes. Mr. Lonsdale, on 
examining, in Oct. 1835, in the Museum of the Geological Society of 
London, portion's of white chalk from different parts of England, 
found, on carefully pulverizing tliem in water, that what appear to 
the eye simply as white grains were, in fact, well preserved fossils. 
He obtained above a thousand of these from each pound weight of 
chalk, some being fragments of minute bryozoa and corallines, others 
entire Foraminifera and Cytheridse. The annexed drawings will 
give an idea of the beautiful forms of many of these bodies. The 
figures a a represent their natural size, but, minute as they seem, the 

Cytherida and Foraminifera from the chalk. 

Pig. 21. Kig.22. Fig. 23. Fig. 24. 



Cythere, Miill. Portion of Cristellaria Bosalrnom 

Cythei'ina^ Lam. NocU)Saria» rotutala* 

smallest of them, such as «, fig. 24., are gigantic in comparison with 
the cases of Biatomacess before mentioned. It has, moreover, been 
lately discovered that the chambers into which these Foraminifera 
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are divided are actually often filled with thousands of well-preserved 
organic bodies, which abound in every minute grain of chalk, and 
are especially apparent in the white coating of flints, often accom- 
panied by innumerable needle-shaped spiculm of sponges. After 
reflecting on these discoveries, we are naturally led on to conjecture 
that, as the formless cement in the semi-opal of Bilin has been 
derived from the decomposition of animal and vegetable remains, so 
also many chalk flints in which no organic structure can be re- 
cognized may nevertheless have constituted a part of microscopic 
animalcules. 


“ The dust we tread upon was once alive I ” — Bybon. 

• 

How faint an idea docs this exclamation of the poet convey of 
the real wonders of nature! for here we discover proofs that the 
calcareous and siliceous dust of which hills are composed has not 
only been once alive, but almost every particle, albeit invisible to 
the naked eye, still retains the organic structure which, at periods 
of time incalculably remote, was impressed upon it by the powers 
of life. 

Freshwater and marine fossils. — Strata, whether deposited in salt 
or fresh water, have the same forms; but the imbedded fossils are 
very different in the two cases, because the aquatic animals which 
frequent lakes and rivers are distinct from those inhabiting the sea. 
In the northern part of the Isle of Wight formations of marl and 
limestone, more than 50 feet thick, occur, in which the shells are 
principally, if not all, of extinct species. Yet we recognize their 
freshwater origin, because they are of tlie same genera as those now 
abounding in ponds and lakes, either in our own country or in 
warmer latitudes. 

In many parts of France, as in Auvergne, for example, strata of 
limestone, marl, and sandstone are found, hundreds of feet thick, 
which contain exclusively freshwater and land shells, together with 
the remains of terrestrial quadrupeds. The number of land shells 
scattered through some of these freshwater deposits is exceedingly 
great ; and there are districts in Germany where the rocks scarcely 
contain any other fossils except snail-shells {helices ) ; as, for instance, 
the limestone on the left bank of the Rhine, between Mayence and 
Worms, at Oppenheim, Findheim, Budenheim, and other places. In 
order to account for this phenomenon, the geologist has only to 
examine the small deltas of torrents which enter the Swiss lakes 
when the waters are low, such as the newly-formed plain where the , 
Kander enters the Lake of Thun. He there secs sand and mud 
strewed over with innumerable dead land shells, which have been 
brought down from valleys in the Alps in the preceding spring, 
during the melting of the snows. Again, if we search the sands on 
the borders of the Rhine, in the lower part of its course, we find 
countless land shells mixed with others of species belonging to lakes, 
stagnant pools, and^ marshes. These individuals have been washed 
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away from the alluvial plains of the great river and its tributaries, 
some from mountainous regions, others from the low country. 

Although freshwater formations are often of great thickness, yet 
they are usually veiy limited in area wJien compared to marine 
deposits, just as lakes and estuaries are of small dimensions in com- 
parison with seas. 

The absence of many fossil forms usually met with in marine 
strata, affords a useful negative indication of the freshwater origin 
of a formation. For example, there are no sea*urchins, no corals, 
no chambered shells, such as the nautilus, nor microscopic Forami- 
nifera in lacustrine or fluviatile deposits. In distinguishing the 
latter from formations accumulated in the sea, we are chiefly guided 
by the forms of the mollusca. In a freshwater deposit, the number 
of individual shells is often as great as in a marine stratum, if not 
greater ; but there is a smaller variety of species and genera. This 
might be anticipated from the fact that the genera and species of 
recent freshwater and land shells are few when contrasted with the 
marine. Thus, the genera of true mollusca according to Woodward’s 
system, excluding those altogether extinct and those without shells, 
amount to 446 in number, of which the terrestrial and freshwater 
genera scarcely form more than a fifth.* 

Almost all bivalve shells, or those of acephalous mollusca, are 
marine, about sixteen only out of 140 genera being freshwater. 


Fig. 2^. Fig. 25. 



Cycias obovata i iosiAX. Hunts. Cyrena Jtuminalis ; Grays, Essex. 

Among these last, the four most common forms, both recent and 
fossil, are Cyclas^ Cyrena^ UniOy and Anodonta (see figures); the 


Fig. 27. Fig. 28. Fig. 29. 



Anodonta CordierHj Anodonta latimarginatut i Unto littoralis ; 

fossil. Paris. recent. Bahia. recent. Auvergne. 


two first and two last of which are so nearly allied as to pass into 
each other. • 

♦ VJr Mnniml of thc Mollusca. 1856. 
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*‘*»-^®* Lamarck divided the bivalve moUusca into 

the Dimyary^ or those having two large mus- 
cular impressions in each valve, as a & in the 
Cyclas, fig. 25., and the Monomyary^ such as 
the oyster and scallop, in which there is only 
one of these impressions, as is seen in fig. 30. 
Now, as none of these last, or the unimuscular 
bivalves, are freshwater*, we may at once pre- 
sume a deposit in which we find any of them 
^ . e to be marine. 

Grypha;atncurva,^m.[G.ar^ . . . * 

Lam.) uppcrvaive. Lias. Tho univalvo shells most characteristic of 

fresh-water deposits are, Planorbis^ Limnaay and Paludina. (See 



Fig. 31. 


Fig. 33. 


Fig. 33. 



Planarbtt euomphalut : 
fossil. Isle of Wight. 


Limnoea longitcaia s 
fossil, l&nts. 


Paludina lenta ; 
fossil. Hants. 


figures.) But to these are occasionally added Physa^ Succinea^ 
Ancylus^ Valvata^ Melanopsisy Melania^ Potamides^ and Neritina, 
(See figures.) 


Fig. 34. 



SucciiMa amphibia ; 
fossil. Loess, Uhiiie. 


Fig. 38. 



Auricula ; 
recent, Ava. 


Fig. 35. 


Fig. 36. Fig. 37. 



a 


Jncylus clegang j Valvata ; Physa hyjrnorum i 

fossil. Haute. fossil. recent. 

Grays, Essex. 


Fig. 39. Fig. 40. 


Fig. 41. 



* The freshwater Mullcria which has two muscular impressions when young, has 
only one in the adult state, thus forming a single exception to the rule. 
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Some naturalists include Neritina (fig. 42.) and the marine 
Nerita (fig. 43.) in the same genus, it being scarcely possible to 


Fig. 42. 


Fig 43. 




Fig. 41. 


Nerttina globulus. Pari* basin. Nerita granulosa. Paris basin. 

distinguish the two by good generic characters. But, as- 
a general rule, the fluviatile species are smaller, smoother, 
and more globular than the marine ; and they have never, 
like the Nerita:, the inner margin of the outer lip toothed 
or crenulated. (See fig. 43.) 

The Potamides inhabit the mouths of rivers in warm 
latitudes, and arc distinguishable from the marine cerilhia 
by their orbicular and multispiral opercula. I'he genus Pou^.,ies 
auricula (fig. 38.) is amphibious, frequenting swamps and?^Jil“bW 
marshes within the influence of the tide. 

The terrestrial sliells are all univalves. The most important 
genera among these, both in a recent and fossil state, are Helix 
(fig. 4d.), Ci/dostoma (fig. 46.), Pupa (fig. 47.), Clausilia (fig. 48.), 



Fig. 45. 


Fig. 4G. 


Fig. 47. 


Fig. 48. 


Fig. 49. 





Hrlix Turnnrnsis. 
Faluns, Toiirame. 


Cyclostoma 

elegans. 

Loess. 


Pupa Clausiha 
trutens. bidcns. 

Loess. Loess. 


Bulimus luhncus. 
Loess, lUiiiie. 


BuUmvs (fig. 49.), Glandina, and Achatina. 

The Ampullaria (lig. 50.) is another genus of shells, inhabiting 
Fig. 50. rivers and ponds in hot countries. Many fossil 
shells formerly referred to this genus, and wliich 
have been met with chiefly in marine formations, 
are now considered by conchologists to belong to 
Nalica and other marine genera. 

All univalve shells of land and freshwater spe- 
cie.s, with the exception of Melanopsis (fig. 41.), 
Ampuiiarta giauca. Achatinu, wliich has a slight indentation, have 

from the .Junma. cntirc moiiths ; and tliis circumstance may often 
serve as a convenient rule for distinguishing freshwater from marine 
.strata ; since, if any univalves occur of which the mouths are not 
entire, wc may presume that the formation is marine. The aper- 
ture is said to be entire in such shells as the Ampullaria and the 
land shells (figs. 45 — 49.), when its outline is not interrupted 
by an indentation or notch, such as that seen at b in Ancillaria 
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(fig. 52.); or is not prolonged into a canal, as that seen at a in 
Pleurotoma (fig. 51.). 

The mouths of a large proportion of the marine univalves have 
these notches or canals, and almost all such species are carnivorous ; 

Fig. 51. Fig. 52. 


Pleurotoma 
rotata. 
Subap. hills, 
Italy. 


a dm 

Ancittaria subulata. Barton clay. Koceno. 

whereas nearly all testacea having entire mouths, are plant-eaters ; 
whether the species be marine, freshwater, or terrestrial. 

There is, however, one genus which affords an occasional ex- 
ception to one of the above rules. The Cerithium (fig. 44.), 
although provided with a short canal, comprises some species which 
inhabit salt, others brackish, and others fresh water, and they are 
said to be all plant-eaters. 

Among the fossils very common in freshwater deposits are the 
shells of Cypris^ a minute crustaceous animal, Iiaving a shell much 
resembling tha of the bivalve mollusca.* Many minute living 
species of this genus swarm in lakes and stagnant pools in Great 
llritain ; but their shells are not, if considered separately, conclusive 
as to the freshwater origin of a deposit, because the majority of 
species in another kindred genus of the same order, the Cytherina of 
Lamarck (sec above, fig. 21. p. 26.), inhabit salt water; and, although 
the animal differs slightly, the shell is scarcely distinguishable from 
that of the Cypris. 

The seed-vessels and stems of Chara^ a genus ^f aquatic ^dants, 
are very frequent in freshwater strata. These seed-vessels were 
called, before their true nature was known, gyrogonites, and were 
supposed to be foraminiferous shells. (See fig. 53. «.) 

The Charce inhabit the bottom of lakes and ponds, and flourish 
mostly where the water is charged with carbonate of lime. Their 
seed-vessels are covered with a very tough integument, capable of 
resisting decomposition ; to wliich circumstance we may attribute* 
their abundance in a fossil state. The annexed figure (fig. 54.) 
represents a branch of one of many new species found by Professor 
Amici in the lakes of Northern Italy. The seed-vessel in this plant 
is more globular than in the British Charm^ and therefore more 
nearly resembles in form the extinct fossil species found in England, 




* For figure^ of fossil species of Furbcck, see below, ch. xx. 
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France, and other countries. The stems, as well as the seed-vessels, 
of these plants occur both in modern shell marl and in ancient 


Fig. 63. 


Fig. 54. 



Chara medicaginula ; C6arii etastica ; recent. Italy. 

fossil. Upper Eocene. Isle of Wight. 

a. Sessile seed vessel between the divisions of 

a. Seed-vessel. the leaves of the female plant. 

magnified 20 b. Magnified transverse section of a branch, 

diameters. with five seed-vessels, seen from below 

b. Stem, magnified. upwaids. 

freshwater formations. They are generally composed of a large 
tube surrounded by smaller tubes ; the whole stem being divided at 
certain intervals by transverse partitions or joints. (See A, fig. 53.) 

It is not uncommon to meet with layers of vegetable matter, 
impressions of leaves, and branches of trees, in strata containing 
freshwater shells ; and we also find occasionally the teeth and bones 
of land quadrupeds, of species now unknown. The manner in 
which such remains are occasionally carried by rivers into lakes, 
especially during floods, has been fully treated of in the Principles 
of Geology."* 

The remains of fish are occasionally useful in determining the 
freshwater origin of strata. Certain genera, such as carp, perch, 
pike, and loach {Ci/prinus^ Perca^ Esox^ and Cohitis\ as also LebiaSy 
being peculiar to freshwater. Other genera contain some freshwater 
and some marine species, as Cottus, Mugily and Anguillay or eel. 
The rest are either common to rivers and the sea, as the salmon ; or 
are exclusively characteristic of salt water. The above observa- 
tions respecting fossil fishes are applicable only to the more 
modern or tertiary deposits ; for in the more ancient rocks the 
forms depart so widely from those of existing fishes, that it is very 
difScult, at least in the present state of science, to derive any positive 
information from icthyolites respecting the element in which strata 
were deposited. 

The alternation of marine and freshwater formations, both on a 
small and large scale, are facts well ascertained in geology. When 
it occurs on a small scale, it may tave arisen from the alternate 
occupation of certain spaces by river water and the sea ; for in the 
flood season the river forces back the ocean and freshens it over a 
large area, depositing at the same time its sediment ; after which the 
salt water again returns, and, on resuming its former place, brings 
with it sand, mud, and marine shells. 

* See Index of Principles, ** Fossilization.” 
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There are also lagoons at the mouths of many rivers, as the Nile 
and Mississippi, which are divided off by bars of sand from the sea, 
and which are filled with salt and fresh water by turns. They often 
communicate exclusively with the river for months, years, or even 
centuries ; and then a breach being made in the bar of sand, they 
are for long periods filled with salt water. 

The Lym-Fiord in Jutland offers an excellent illustration of 
analogous changes ; for, in the course qf the last thousand years, the 
western extremity of this long frith, which is 120 miles in length, 
including its windings, has been four times fresh and four times salt, 
a bar of sand between it and the ocean having been as often formed 
and removed. The last irruption of saltwater happened in 1824, 
when the North Sea entered, killing all the freshwater shelly, fish, 
and plants ; and from that time to the present, the sea-weed Fttcus 
vesicnlosus^ together with oysters and other marine mollusca, have 
succeeded the Cyclas^ Lymnea^ Paludina^ and ChaneJK 

But changes like these in the Lym-Fiord, and those before men- 
tioned as occurring at the mouths of great rivers will only account 
for some cases of marine deposits of partial extent resting on fresh- 
water strata. When we find, as in the south-east of England, a 
great series of freshwater beds, 1000 feet in thickness, resting upon 
marine formations and again covered by other rocks, such as the 
cretaceous, more than 1000 feet thick, and of deep-sea origin, we 
shall find it necessary to seek for a different explanation of the phe- 
nomena. f 


CHAPTER IV. 

CONSOLIDATION OF STRATA AND PETRIFACTION OF FOSSILS. 

Chemical and mechanical deposits — Cementing together of particles — Hardening 
by exposure to air — Concretionary nodules — Consolidating filFects of pressure — 
Mineralization of organic remains — Impressions and casts how formed — Fossil 
wood — Goppert’s experiments — Precipitation of stony matter most rapid where 
putrefaction is going on — Source of lime in solution — Silex derived from de- 
composition of felspar— -Proofs of the lapidification of some fossils soon after 
burial, of others when much decayed. 

Having spoken in the preceding chapters of the characters of sedi- 
mentary formations, both as dependent on the deposition of inorganic * 
matter and the distribution* of fossils, I may next treat of the con- 
solidation of stratified rocks, and the petrifaction of imbedded or- 
ganic remains. 

Chemical and mechanical deposits. — A distinction has been made 

• See Principles, Inde:f, " Lym-Piord.” 
t See below, Chap. XVIH., on the Wealden. 

• D • 
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by geologists between deposits of a chemical, and those of a me- 
chanical, origin. By the latter name are designated beds of mud, 
sand, or pebbles produced by the action of running water, also ac- 
cumulations of stones and scoriae thrown out by a volcano, which 
have fallen into their present place by the force of gravitation. But 
the matter which forms a chemical deposit has not been mechanically 
suspended in water, but in a state of solution until separated by 
chemical action. In this manner carbonate of lime is olteii precipi- 
tated upon the bottom of lakes and seas in a solid form, as may be 
well seen in many parts of Italy, whore mineral springs abound, and 
where the calcareous stone, called travertin, is deposited. In these 
springs the lime is usually held in solution by an excess of carbonic 
acid,. or by heat if it be a hot spring, until the water, on issuing from 
the earth, cools or loses part of its acid. The calcareous matter then 
falls down in a solid state, encrusting shells, fragments of wood and 
leaves, and binding them together.* 

In coral reefs, large masses of limestone arc formed by the stony 
skeletons of zoophytes ; and these, together with shells, become ce- 
mented together by carbonate of lime, part of which is probably 
furnished to the sea water by the decomposition of dead corals. 
Even shells of which the animals are still living, on these reefs, are 
very commonly found to be encrusted over with a hard coating of 
limestone, j 

If sand and pebbles are carried by a river into the sea, and these 
are bound together immediately by carbonate of lime, tlie deposit 
may be described as of a mixed origin, partly chemical, and partly 
mechanical. 

Now, the remarks already made in Chapter TI. on the original 
liorizontality of strata are strictly applicable to mechanical deposits, 
and only partially to those of a mixed nature. Such as are purely 
chemical may be formed on a very steep slope, or may even encrust 
the vertical walls of a fissure, and be of equal thickness throughout ; 
but such deposits are of small extent, and for the most part confined 
to vein-stones. 

Cementing of partioles, — It is chiefly in the case of calcareous 
rocks that solidification takes place at the time of deposition. But 
there are many deposits in which a cementing process comes into 
operation long afterwards. We may sometimes observe, where the 
water of ferruginous or calcareous springs has flowed through a bed 
of sand or gravel, that iron or carbonate of lime has been deposited 
in the interstices between the grains or pebbles, so that in certain 
places the whole has been bound together into a stone, the same set 
of strata remaining in other parts loose and incoherfint. 

Proofs of a similar cementing action are seen in a rock at Kello- 
way in Wiltshire. A peculiar band of sandy strata belonging to the 
group called Oolite by geologists, may be traced through several 

• See Principles, Index, ** Calcareous .f Ibid. “Travel tin,” “Coral Reefs,” 

Springs,” &c. &c. 



Ch. IV.] CONSOLIDATION OP BTBATA. * 35 

couniies, the sand being for the most pftrt loose and unconsolidated, 
but becoming stony near Kelloway. In this district there are nu- 
merous fossil shells which have decomposed, having for the most 
part left only their casts. The calcareous matter hence derived has 
evidently served, at some former period, as a cement to the siliceous 
grains of sand, and thus a solid sandstone has been produced. If wo 
take fragments of many other argillaceous grits, retaining the casts 
of shells, and plunge them into dilute muriatic or other acid, we see 
them immediately changed into common sand and mud ; the cement 
of lime, derived from the shells, having been dissolved by tlie acid. 

Traces of impressions and casts are often extremely faint. In 
some loose sands of recent date we meet with shells in so advanced 
a stage of decomposition aa to crumble into powder when touched. 
It is clear that water percolating such strata may soon remove the 
calcareous matter of the shell ; and unless circumstances cause the 
carbonate of lime to be again deposited, the grains of. sand will not 
be cemented together ; in which case no memorial of the fossil will 
remain. The absence of organic remains from many aqueous rocks 
may be thus explained ; but we may presume that in many of them 
no fossils were ever imbedded, as there are extensive tracts on the 
bottoms of existing seas even of moderate depth on which no frag- 
ment of shell, coral, or other living creature can be detected by 
dredging.. On the other hand, there are parts of the Mediterranean 
( the iEgean sea for example), where, according to Prof. E. Forbes, 
the zero of animal life has been reached, at the depth of 230 fathoms ; 
a deposit of yellowish mud of very uniform character, and devoid of 
organic remains, being there in progress.® Later experiments, how- 
ever, have proved that organic beings inhabit other parts of the 
same sea at considerably greater depths. 

In what manner silox and carbonate of lime may become widely 
diffused in small quantities through the waters which permeate the 
earth’s crust will be spoken of presently, when the petrifaction of 
fossil bodies is considered ; but I may remark hero that such waters 
are always passing in the case of thermal springs from hotter to 
colder parts of the interior of the earth; and, as often as the tem- 
perature of the solvent is lowered, mineral matter has a tendency to 
separate from it and solidify. Thus a stony cement is often supplied 
to sand, pebbles, or any fragmentary mixture. In some conglo- 
merates, like the pudding-stone of Hertfordshire (a Lower Eocene 
deposit), pebbles of flint and grains of sand are united by a siliceous 
cement so firmly, that if a block be fractured the rent passes as readily 
through the pebbles as through jthe cement. 

It is probable that many strata became solid at the time when they 
emerged from the i^caters in which they were deposited, and when 
they first formed a part of the dry land. A well-known fact seems 
to confirm this idea: by far the greater number of the stones used 
for building and road-making arc much softer when fii'st taken from 
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the quarry than after they have been long exposed to the air ; and 
these, when once dried, may afterwards be immersed for any length 
of time in water without becoming soft again. Hence it is found 
desirable to shape the stones which are to be used in architecture 
while they are yet soft and wet, and while they contain their 
** quarry-water,” as it is called ; also to break up stone intended for 
roads when soft, and then leave it to dry in the air for months that 
it may harden. Such induration may perhaps be accounted for by 
supposing the water, which penetrates the minutest pores of rocks, 
to deposit, on evaporation, carbonate of lime, iron, silex, and other 
minerals previously held in solution, and thereby to fill up the pores 
partially. These particles, on crj'stallizing, would not only be them- 
selves deprived of freedom of motion, but would also bind together 
other portions of the rock which before were loosely aggregated. 
On the same principle wet sand and mud become as hard as stone 
when frozen ; because one ingredient of the mass, namely, tlie water, 
has crystallized, so as to hold firmly together all the separate particles 
of which the loose mud and sand were composed. 

Dr. IMacCulloch mentions a sandstone in Skye, which may be 
moulded like dough when first found; and some simple minerals, 
which are rigid and as hard as glass in our cabinets, are often flexible 
and soft in their native beds : this is the case with asbestos, sahlite, 
tremolite, and chalcedony, and it is i*eported also to happen in the 
case of the beryl. * 

The marl recently deposited at the bottom of Lake Superior, in 
North America, is soft, and often filled with freshwater shells ; but 
if a piece be taken up and dried, it becomes so hard that it can only 
be broken by a smart blow of the hammer. If the lake therefore was 
drained, such a deposit would be found to consist of strata of marl- 
stone, like that observed in many ancient European formations, and 
like them containing freshwater shells. 

It is probable that some of the heterogeneous materials which 
rivers transport to the sea may at once set under water, like the arti- 
ficial mixture called pozzolana, which consists of fine volcanic sand 
charged with about 20 per cent, of oxide of iron, and the addition of 
a small quantity of lime. This substance hardens, and becomes a 
solid stone in water, and was used by the Romans in constructing 
the foundations of buildings in the sea. 

Consolidation in these cases is brought about by the action of 
chemical affinity on finely comminuted matter previously suspended 
in water. After deposition similar particles seem to exert a mutual 
attraction on each other, and congregate together in particular spots, 
forming lumps, nodules, and concretions.. Thus in many argillaceous 
deposits there are calcareous balls, or spherical concretions, ranged 
in layers parallel to the general stratification ; an arrangement which 
took place after the shale or marl had been thrown down in succes- 
sive laminae ; for these laminae are often traced in the concretions. 


* Dr. MacCtilloch, Syst. of GeoL vol. L p. 123. 
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remaining parallel to those of the surrounding unconsolidated rock. 

Fig. 56. (See fig. 55.) Such nodules of lime- 

stone have often a shell or other foreign 
body in the centre.* 

Among the most remarkable ex- 
amples of concretionary structure are 
those described by Professor Sedgwick 
as abounding in the magnesian limestone of the north of England. 
The spherical balls are of various size.s, from that of a pea to a dia- 
meter of several feet, and they have both a concentric and radiated 
structure, while at the same time the laminas of original deposition 
pass uninterruptedly through them. In some cliffs this limestone 
resembles a great irregular pile of cannon balls. Some of the globular 
masses have tlieir centre in one stratum, while a portion of their 
exterior passes through to the stratum above or below. Thus the 
larger spheroid in the annexed section (fig. 56.) passes from the stratum 

b upwards into a. In this instance we 
must suppose the deposition of a series 
of minor layers, first forming the stra- 
tum by and afterwards the incumbent 
stratum a ; then a movement of the par- 
ticles took place, and tlie carbonates of 
lime and magnesia separated from the 
more impure and mixed matter forming the still unconsolidated parts 
of the stratum. Crystallization, beginning at the centre, must have 
gone on forming concentric coats around the original nucleus without 
interfering with the laminated structure of the rock. 

When the particles of rocks have been thus re-arranged by chemi- 
cal forces, it is sometimes difficult or impossible to ascertain whether 
certain lines of division arc due to original deposition or to the sub- 
sequent aggregation of similar particles. Thus suppose three strata 
Fig* 57. of grit. A, B, C, are charged unequally 

with calcareous matter, and that B is the 
most calcareous. If consolidation takes 
place in B, the concretionary action may 
spread upwards into a part of A, where 
the carbonate of lime is more abundant than in the rest ; so that a 
mass, dy «, f, forming a portion of the superior stratum, becomes 
united with B into one solid mass of stone. The original line of 
division rf, being thus effaced, the line dy fy would generally be 
considered as the surface of the bed B, though not strictly a true 
plane of stratification. * 

Pressure and heat . — When sand and mud sink to the bottom of a 
deep sea, the particles are not pressed down by the enormous weight 
of the incumbent ocean ; for the water, which becomes mingled with 
the sand and mud, resists pressure with a force equal to that of the 
column of fluid above. The same happens in regard to organic re- 

* Dela Beche, Geoh Researches, p. 95., and Geol. Observer (1851), p. 686. 
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mains which are filled with water under great pressure as they sink, 
otherwise they would be immediately crushed to pi(jces and flattened. 
Nevertheless, if the materials of a stratum remain in a yielding state, 
and do not set or solidify, they will be gradually squeezed down by 
the weight of other materials successively heaped upon them, just as 
soft clay or loose sand on whicli a house is built may give way. By 
such downward pressure particles of clay, sand, and marl, may be- 
come packed into a smaller space, and be made to cohere together 
permanently. 

Analogous effects of condensation may arise when the solid parts 
of the earth’s crust are forced in various directions by those me- 
chanical movements afterwards to be described, by which strata have 
been bent, broken, and raised above the level of the sea. Bocks of 
more yielding materials must often have been forced against others 
previously consolidated, and, thus compressed, may have acquired a 
new structure*. A recent discovery may help us to comprehend how 
fine sediment derived from the detritus of rocks may be solidifi(‘d by 
mere pressure. The graphite or “ black lead ” of commerce having 
become very scarce, Mr. Brockedon contrived a method by which the 
dust of the purer portions of the mineral found in Borrowdale might 
be recomposed into a mass as dense and compact as native graphite. 
The powder of grapliito is first carefully prepared and freed from air, 
and placed under a powerful press on a strong steel die, with air-tight 
fittings. It is then struck several blows, each of a power of 1(K)0 
tons ; after which operation the powder is so perfectly solidified that 
it can he cut for pencils, and exhibits when broken the same texture 
as native graphite. 

But the action of heat at various depths in the earth is probably 
the most powerful of all causes in hardening sedimentary strata. To 
this subject I shall refer again when treating of the metamorphic 
rocks, and of the slaty and jointed structure. 

Mineralization of organic remains, — The changes which fossil 
organic bodies liave undergone since they were first imbedded in 
rocks, throw much light on the consolidation of strata. Fossil shells 
in some modern .deposits have been scarcely altered in the course of 
centuries, having simply lost a part of their animal matter. But in 
other cases the shell has disappeared, and left an impression only of 
its exterior, or a cast of its interior form, or thirdly, a cast of the 
shell itself, the original matter of which has been removed. These 
different forms of fossilization may easily be understood if we examine 
the mud recently thrown out from a pond or canal in which there are 
shells. If the mud be argillaceous, it^acquires consistency on drying, 
and on breaking open a portion of it we. find that each shell has left 
impressions of its external form. If we then remove the shell itself, 
we find within a solid nucleus of clay, having the form of the interior 
of the shell. This form is often very different from that of the outer 
shell. Thus a cast such as a, fig. 58., commonly called a fossil screw, 
would never be suspected by an inefxperienced conchologist to bo 
the internal shape of the fossil univalve, 5, fig. §8. Nor should we 
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have imagined at first sight that the shell a and the cast 6, fig. 59., 
were different parts of the same fossil. The reader will observe, in 


Fig. 58. 


Fig. 59. 




Phasianetla Heddingionensis, 
and cubt of tlie same. Coral lUg. 


Ptcurotomaria Anglicat 
and cast. Lias. 


the last-mentioned figure (5, fig. 59.), that an empty space shaded 
dark, which the shell itself once occupied, now intervenes between 
the enveloping stone and the cast of the smooth interior of the whorls. 
In such cases the shell has been dissolved and the component par- 
ticles removed by water percolating the rock. If the nucleus were 
taken out, a hollow mould would remain, on which the external form 
of the shell with its tubercles and strias, as seen in a, fig. 59., would 
be seen embossed. Now if the space alluded to between the nucleus 
and the impression, instead of being left empty, has been filled up 
with calcareous spar, flint, pyrites, or other mineral, we then obtain 
from the mould an exact cast both of the external and internal form 
of the original shell. In this manner silicifled casts of shells have 
been formed ; and if the mud or sand of the nucleus happen to be 
incohertmt, or soluble in acid, we can then procure in flint an empty 
shell, which in shape is the exact counterpart of the original. This 
cast may be compared to a bronze statue, representing merely the 
superficial form, and not the internal organization ; but there is 
another description of petrifaction by no means uncommon, and of a 
much more wonderful kind, which may be compare^ to certain ana- 
tomical models in wax, where not only the outward forms and fea- 
tures, but the nerves, blood-vessels, and other internal organs are also 
shown. Thus we find corals, originally calcareous, in which not only 
the general shape, but also the minute and complicated internal or- 
ganization are retained in flint. 

Such a process of petrifaction is still more remarkably exhibited 
in fossil wood, in which we 5ften perceive not only the rings of 
annual growth, but all the minute vessels and medullary rays. Many 
of the minute cells and fibres of plants, and even those spiral vessels 
which in the living vegetable can only be discovered by the mi- 
croscope, are preserved. Among many instances, I may mention a 
fossil tree, 72 feet in length, found at Gosforth near Newcastle, in 
sandstone strata associated wfth coal. By cutting a transverse slice 
80 thin as to transmit light, ^and magnifying it about fifty-five times, 
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the texture seen in fig. 60. is exhibited. A texture equally minute 
and complicated has been observed in the wood 
of large trunks of fossil trees found in the 
Craigleitk quarry near Edinburgh, where the 
stone was not in the slightest degree siliceous, 
but consisted chiefly of carbonate of lime, with 
oxide of iron, alumina, and carbon. The pa** 
rallel rows of vessels here seen are the rings 
of annual growth, but in one part they are im- 
perfectly preserved, the wood having probably 
decayed before the mineralizing matter had 
penetrated to that portion of the tree. 

In attempting to explain the process of petrifaction in such cases, 
we may first assume that strata are very generally permeated by 
water charged with minute portions of calcareous, siliceous, and other 
earths in solution. In what manner they become so impregnated 
will be afterwards considered. If an organic substance is expc'sed 
in the open air to the action of the sun and rain, it will in time 
putrefy, or be dissolved into its component elements, consisting usually 
of oxygen, hydrogen, nitrogen, and carbon. • These will readily be 
absorbed by the atmosphere or be washed away by rain, so that all 
vestiges of the dead animal or plant disappear. But if the same 
substances be submerged in water, they decompose more gradually ; 
and if buried in earth, still more slowly, as in the familiar example 
of wooden piles or other buried timber. Now, if as fast as each 
particle is set free by putrefaction in a fluid or gaseous state, a 
particle equally minute of carbonate of lime, flint, or other mineral, 
is at hand and ready to be precipitated, we may imagine this in- 
organic matter to take the place just before left unoccupied by the 
organic molecule. In this manner a cast of the interior of certain 
vessels may first be taken, and afterwards the more solid walls of the 
same may decay and sufier a like transmutation. Yet when the 
whole is lapidified, it may not form one homogeneous mass of stone 
or metal. Some of the original ligneous, osseous, or other organic 
elements may remain mingled in certain parts, or the lapidifying 
substance itself may be differently coloured at different times, or so 
crystallized as to reflect light differently, and thus the texture of the 
original body may be faithfully exhibited. 

The student may perhaps ask whether, on chemical principles, we 
have any ground to expect that mineral matter will be thrown down 
precisely in those spots where organic decomposition is in progress ? 
The following curious experiments may serve to illustrate this point. 
Professor Gbppert of Breslau attempted, recently to imitate the na- 
tural process of petrifaction. For this purpose he steeped a variety 
of animal and vegetable substances in waters, some holding siliceous, 
others calcareous, others metallic matter in solution. He found that 
in the period of a few weeks, or even days, the organic bodies thus 
immersed were mineralized to a certaki extent. Thus, for example, 
thin vertical slices of deal, taken from the Scotch fir {Pinus syl^ 


Fig. 60. 



Texture of a tree from the coal 
strata, magnified. (Witham.) 
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vestris\ were immersed in a moderately strong solution of sulphate 
01 iron. When they had been thoroughly soaked in the liquid for 
several days they were dried and exposed to a red-heat until the 
vegetable matter was burnt up and nothing remained but an oxide of 
iron, which was found to have taken the form of the deal so exactly 
that casts even of the dotted vessels peculiar to this family of plants 
were distinctly visible under the microscope. 

Another accidental experiment has been recorded by Mr. Pepys in 
the Geological Transactions. ♦ An earthen pitcher containing several 
quarts of sulphate of iron had remained undisturbed and unnoticed 
for about a twelvemonth in the laboratory. At the end of this time 
when the liquor was examined an oily appearance was observed on 
the surface, and a yellowish powder, which proved to bo sulphur, 
together with a quantity of small hairs. At the bottom were dis- 
covered the bones of several mice in a sediment consisting of small 
grains of pyrites, others of sulphur, others of crystallfeed green sul- 
phate of iron, and a black muddy oxide of iron. It was evident that 
some mice had accidentally been drowned in the fluid, and by the 
mutual action of the animal matter and the sulphate of iron on each 
other, the metallic sulphate had been deprived of its oxygen ; hence 
the pyrites and the other compounds were thrown down. Although 
the mice were not mineralized, or turned into pyrites, the pheno- 
menon shows how mineral waters, charged with sulphate of iron, 
may be deoxydated on coming in contact with animal matter under- 
going putrefaction, so that atom after atom of pyrites may be pre- 
cipitated, and ready, under favourable circumstances, to replace the 
oxygen, hydrogen, and carbon into which the original body would be 
resolved. 

The late Dr. Turner observes, that when mineral matter is in a 
nascent state,” that is to say, just liberated from a previous state of 
chemical combination, it is most ready to unite with other matter, 
and form a new chemical compound. Probably the particles or atoms 
just set free are of extreme minuteness, and therefore move more 
freely, and are more ready to obey any impulse of chemical affinity. 
Whatever be the cause, it clearly follows, as before stated, that where 
organic matter newly imbedded in sediment is decomposing, there 
will chemical changes take place most actively. 

An analysis was lately made of the water which was flowing off 
from the rich mud deposited by the Hooghly river in the Delta of 
the Ganges after the annual inundation. This water was found to 
be highly charged with carbonic acid gas holding lime in solution.! 
Now if newly-deposited mud* is thus proved to be permeated by, 
mineral matter in a state pf solution, it is not difficult to perceive 
that decomposing organic bodies, naturally imbedded in sediment, 
may as readily become petrified as the substances artificially im- 
mersed by Professor Goppert in various fluid mixtures. 

• Vol. L p. 399. fiAt series. 

t Pid^in^n, Asiat. Beseardi. vol. xviiL p. 226. 
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It is well known that the water of springs, or that which is con- 
tinually percolating the earth’s crust, is rarely free from a slight 
admixture either of iron, carbonate of lime, sulphur, silica, potash, or 
some other earthy, alkaline, or metallic ingredient. Hot springs in 
particular are copiously charged with one or more of these substances; 
and it is only in their waters that silex is found in abundance. In 
e'ertain cases, therefore, especially in volcanic regions, wo may imagine 
the flint of silicified wood and corals to have been supplied by the 
waters of thermal springs. In other instances, as in tripoli, it may 
have been derived in great part, if not wholly, from the decomposi- 
tion of diatomaceae, sponges, and other bodies. But even if this be 
granted, we have still to inquire whence a lake or the ocean can be 
constantly replenished with the calcareous and siliceous matter so 
abundantly withdrawn from it by the secretions of living beings. 

In regard to carbonate of lime there is no difficulty, because 
not only are balcareous springs very numerous, but even rain- 
water, when it falls on ground where vegetablti matter is dcc< im- 
posing, may become so charged with carbonic acid as to acquire a 
power of dissolving a minute portion of the calcareous rocks over 
which it flows. Hence marine corals and mollusca may be provided 
by rivers with the materials of their shells and solid supports. But 
pure silex, even when reduced to the flnest powder and boiled, is 
insoluble in water, except at very high temperatures. Nevertheless, 
Dr. Turner has well explained, in an essay on the chemistry of 
geology *, how the decomposition of felspar may be a source of silex 
in solution. He has remarked that the siliceous earth, which con- 
stitutes more than half the bulk of felspar, is intimately combined 
with alumine, potash, and some other elements. The alkaline matter 
of the felspar has a cliemical affinity for water, as also for the car- 
bonic acid whicli is more or less contained in the waters of most 
springs. The water therefore carries away alkaline matter, and 
leaves behind a clay consisting of alumine and silica. But this re- 
sidue of the decomposed mineral, which in its purest state is called 
porcelain clay, is found to contain a part only of the silica which 
existed in the original felspar. The other part, therefore, must have 
been dissolved and removed : and this can be accounted for in two 
ways ; first, because silica when combined with an alkali is soluble 
in water ; secondly, because silica, in what is technically called its 
nascent state, is also soluble in water. Hence an endless supply of 
silica is afforded to rivers and the waters of the sea. For the fcl- 
spathic rocks are universally distributed, constituting, as they do, 
60 large a proportion of the volcanic, plutonic, and metamorphic for- 
mations. Even where they chance to be 'absent in mass, they rarely 
fail to occur in the superficial gravel or alluvial deposits of the basin 
of every large river. 

The disintegration of mica also, another mineral which enters 
largely into the composition of granite and various sandstones, may 

♦ Jam. Ed. New Phil. Joum. Ijlo. 30, p. 246. 
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yield silica which may be dissolved in water, for nearly half of this 
mineral consists of silica, combined with alumine, potash, and about 
a tenth part of iron. The oxidation of this iron in the air is the 
principal cause of the waste of mica. 

We have still, however, much to learn before the conversion of 
fossil bodies into stone is fully understood. Some phenomena seem 
to imply that the mineralization must proceed with considerable 
rapidity, for sterns of a soft and succulent character, and of a most 
perishable nature, are preserved in flint ; and there are instances of the 
complete silicification of the young leaves of a palm-tree when just 
about to shoot forth, and in that state which in the West Indies is 
called the cabbage of the palm.* It may, however, be questioned 
whether in such cases there may not have been some antiseptic quality 
in the water which retarded putrefaction, so that the soft parts of the 
buried substance may have remained for a long time without disin- 
tegration, like the flesh of bodies imbedded in peat. * 

Mr. Stokes has pointed out examples of petrifactions in which the 
more perishable, and others where the more durable, portions of wood 
are preserved. These variations, he suggests, must doubtless have 
depended on the time when the lapidifying mineral was introduced. 
Thus, in certain silicified stems of palm-trees, the cellular tissue, that 
most destructible part, is in good condition, while all signs of the 
hard woody fibre have disappeared, the spaces once occupied by it 
being hollow or filled with agate. Here, petrifaction must have com- 
menced soon after the wood was exposed to the action of moisture, 
and tlie supply of mineral matter must then have failed, or the water 
must have become too much diluted before the woody fibre decayed. 
But when this fibre is alone discoverable, we must suppose that an 
interval of time elapsed before the commencement of lapidification, 
during which the cellular tissue was obliterated. When both struc- 
tures, namely, the cellular and the woody fibre, are preserved, the 
process must have commenced at an early period, and continued 
without interruption till it was completed throughout.^ 


* Stokes, GeoL Traua, voL v. p. 212. second seiies. 


t Hud. 
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CHAPTER V. 

ELEVATION OF STRATA ABOVE THE SEA — HORIZONTAL AND INCLINED 

STRATIFICATION. 

Why the position of marine strata, above the level of the sea, should be referred to 
the rising up of the land, not to the going down of the sea — Upheaval of exten- 
sive masses of horizontal strata — Inclined and vertical stratification — Anticlinal 
and synclinal lines — Bent strata in east of Scotland — Theoiy of folding by 
lateral movement — Creeps — Dip and strike — Structure of the Jura — Various 
forms, of outcrop — Rocks broken by flexure — Inverted position of disturbed 
strata — Unconformable stratification — Hutton and Playfair on the same — 
Fractures of strata — Polished surface — Faults — Appearance of repeated alter- 
nations produced by them — Origin of great faults. 

Lavd has been raised^ not the sea lowered . — It has been alri'ady 
stated that the aqueous rocks containing marine fossils extend over 
\vide continental tracts, and are seen in mountain chains rising to 
great heights above the level of the sea (p. 4.). Hence it follows, that 
what is now dry land was once under water. But if we admit this 
conclusion, we must imagine, either that there has been a general 
lowering of the waters of the ocean, or that the solid rocks, once covered 
by water, have been raised up bodily out of the sea, and have thus 
become dry land. The earlier geologists, finding themselves reduced 
to this alternative, embraced the former opinion, assuming that the 
ocean was originally universal, and had gradually sunk down to its 
actual level, so that the present islands and continents were left dry. 
It seemed to them far easier to conceive that the water had gone 
down, than that solid land had risen upwards into its present position. 
It was, however, impossible to invent any satisfactory hypothesis to 
explain the disappearance of so enormous a body of water throughout 
the globe, it being necessary to infer that the ocean had once stood 
at whatever height marine shells might be detected. It moreover 
appeared clear, as the science of Geology advanced, that certain spaces 
on the globe had been alternately sea, then land, then estuary, then 
sea again, and, lastly, once more habitable land, having remained in 
each of these states for considerable periods. In order to account for 
such phenomena, without admitting any movement of the land itself, 
we are required to imagine several retreats and returns of the ocean ; 
and even then our theory applies merely to cases where the marine 
strata composing the dry land are horizontal, leaving unexplained 
those more common instances where strata are inclined, curved, or 
placed on their edges, and evidently not in the position in which they 
were first deposited. 

Geologists, therefore, were at last compelled to have recourse to 
the other alternative, namely, the doctrine that the solid land has 
been repeatedly moved upwards or downwards, so as permanently to 
change its position relatively to the sea. There a^e several distinct 
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grounds for preferring this conclusion. First, it will account equally 
for the position of those elevated masses of marine origin in which 
the stratification reipains horizontal, and for those in which the strata 
are disturbed, broken, inclined, or vertical. Secondly, it is consistent 
with human experience that land should rise gradually in some places 
and be depressed in others. Such changes have actually occurred in 
our own days, and are now in progress, having been accompanied in 
some cases by violent convulsions, while in others they have pro- 
ceeded so insensibly, as to have been ascertainable only by the most 
careful scientific observations, made at considerable intervals of time. 
On the other hand, there is no evidence from human experience of 
a lowering of the sea’s level in any region, and the ocean cannot sink 
in one place without its level being depressed all over the globe. 

These preliminary remarks will prepare the reader to understand 
the great theoretical interest attached to all facts connected with the 
position of strata, whether horizontal or inclined, curvtd or vertical. 

Now the first and most simple appearance is where strata of 
marine origin occur above the level of the sea in horizontal position. 
Such are the strata which we meet with in the south of Sicily, filled 
with shells for the most part of the same species as those now living 
in the Mediterranean. Some of these rocks rise to the height of 
more than 2000 feet above the sea. Other mountain masses might 
be mentioned, composed of horizontal strata of high antiquity, which 
contain fossil remains of animals wholly dissimilar from any now 
known to exist. In the south of Sweden, for example, near Lake 
Wener, the beds of one of the oldest of the fossiliferous deposits, 
namely that formerly called Transition, and now Silurian, by geo- 
logists, occur in as level a position as if they had recently formed 
part of the delta of a great river, and been left dry on the retiring of 
the annual fioods. Aqueous rocks of about the same age extend for 
hundreds of miles over the lake-district of North America, and exhibit 
in like manner a stratification nearly undisturbed. The Table Moun- 
tain at the Cape of Good Hope is another example of highly elevated 
yet perfectly horizontal strata, no less than 3500 feet in thickness, 
and consisting of sandstone of very ancient date. • 

Instead of imagining that such fossiliferous rocks were always at 
their present level, and that the sea was once high enough to cover 
them, we suppose them to have constituted the ancient bed of the 
ocean, and that they were gradually uplifted to their present height. 
This idea, however startling it may at first appear, is quite in 
accordance, as before stated, with the analogy of changes now going 
on in certain regions of the glbbe. Thus, in parts of Sweden, and 
the shores and islands of •the Gulf of Bothnia, proofs have been 
obtained that the land is experiencing, and has experienced for 
centuries, a slow upheaving movement. Playfair argued in favour 
of this opinion in 1802 ; and in 1807, Von Buch, after his travels in 
Scandinavia, announced his conviction that a rising of the land was 
in progress. Celsius and other Swedish writers had, a century 
before, declared their belief that a gradual change had, for ages, 
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Land has been raised^ not the sea lowered . — It has been already 
stated that the aqueous rocks containing marine fossils extend over 
%vidc continental tracts, and are seen in mountain chains rising to 
great heights above the level of the sea (p. 4.). Hence it follows, that 
what is now dry land was once under water. But if we admit this 
conclusion, we must imagine, either that there has been a general 
lowering of the waters of the ocean, or that the solid rocks, once covered 
by water, have been raised up bodily out of the sea, and have thus 
become dry land. The earlier geologists, finding themselves reduced 
to this alternative, embraced the former opinion, assuming that the 
ocean was originally universal, and had gradually sunk down to its 
actual level, so that the present islands and continents were left dry. 
It seemed to them far easier to conceive that the water had gone 
down, than that solid land had risen upwards into its present position. 
It was, however, impossible to invent any satisfactory hypothesis to 
explain the disappearance of so enormous a body of water throughout 
the globe, it being necessary to infer that the ocean had once stood 
at whatever height marine shells might be detected. It moreover 
appeared clear, as,.the science of Geology advanced, that certain spaces 
on the globe had been alternately sea, then land, then estuary, then 
sea again, and, lastly, once more habitable land, having remained in 
each of these states for considerable periods. In order to account for 
such phenomena, without admitting any movement of the land itself, 
we are required to imagine several retreats and returns of the ocean ; 
and even then our theory applies merely to cases where the marine 
ctrata composing the dry land are horizontal, leaving unexplained 
those more common instances where strata are inclined, curved, or 
placed on their edges, and evidently not in the position in which they 
were first deposited. 

Geologists, therefore, were at last compelled to have recourse to 
the other alternative, namely, the doctrine that the solid land has 
been repeatedly moved upwards or downwards, so as permanently to 
change its position relatively to the sea. There qre several distinct 
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grounds for preferring this conclusion. First, it will account equally 
for the position of those elevated masses of marine origin in which 
the stratification reipains horizontal, and for those in which the strata 
are disturbed, broken, inclined, or vertical. Secondly, it is consistent 
with human experience that land should rise gradually in some places 
and be depressed in others. Such changes have actually occurred in 
our own days, and are now in progress, having been accompanied in 
some cases by violent convulsions, while in others they have pro- 
ceeded so insensibly, as to have been ascertainable only by the most 
careful scientific observations, made at considerable intervals of time. 
On the other hand, there is no evidence from human experience of 
a lowering of the sea’s level in any region, and the ocean cannot sink 
in one place without its level being depressed all over the globe. 

These preliminary remarks will prepare the reader to understand 
the great theoretical interest attached to all facts connected with the 
position of strata, whether horizontal or inclined, curved or vertical. 

Now the first and most simple appearance is where strata of 
marine origin occur above the level of the sea in horizontal position. 
Such are the strata which we meet with in the south of Sicily, filled 
with shells for the most part of the same species as those now living 
in the Mediterranean. Some of these rocks rise to the height of 
more than 2000 feet above the sea. Other mountain masses might 
be mentioned, composed of horizontal strata of high antiquity, which 
contain fossil remains of animals wholly dissimilar from any now 
known to exist. In the south of Sweden, for example, near Lake 
Wener, the beds of one of the oldest of the fossiliferous deposits, 
namely that formerly called Transition, and now Silurian, by geb- 
logists, occur in as level a position as if they had recently formed 
part of the delta of a great river, and been left dry on the retiring of 
the annual floods. Aqueous rocks of about the same age extend for 
hundreds of miles over the lake-district of North America, and exhibit 
in like manner a stratification nearly undisturbed. The Table Moun- 
tain at the Cape of Good Hope is another example of highly elevated 
yet perfectly horizontal strata, no less than 3500 feet in thickness, 
and consisting of sandstone of very ancient date. • 

Instead of imagining that such fossiliferous rocks were always at 
their present level, and that the sea was once high enough to cover 
them, we suppose them to have constituted the ancient bed of the 
ocean, and that they were gradually uplifted to their present height. 
This idea, however startling it may at first appear, is quite in 
accordance, as before stated, with the analogy of changes now going 
on in certain regions of the glbbe. Thus, in parts of Sweden, and 
the shores and islands of •the Gulf of Bothnia, proofs have been 
obtained that the land is experiencing, and has experienced for 
centuries, a slow upheaving movement. Playfair argued in favour 
of this opinion in 1802 ; and in 1807, Von Buch, after his travels in 
Scandinavia, announced his conviction that a rising of the land was 
in progress. Celsius and olher Swedish writers had, a century 
before, declared their belief that a gradual change had, for ages, 
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been taking place in the relative level of land and sea. They aUri- 
buted the change to a fall of the waters both of the ocean an«l the 
Baltic. This theory, however, has now been ijpfuted by abundant 
evidence ; for the alteration of relative level has neither bei-ii 
universal nor everywhere uniform in quantity, but has amounted, 
in some regions, to several feet in a century, in others to a few 
inches ; while in the southernmost part of Sweden, or the province 
of Scania, there has been actually a loss instead of a gain of land, 
buildings having gradually sunk below the level of the sea.* 

It appears, from the observations of Mr. Darwin and others, that 
very extensive regions of the continent of South America have been 
undergoing slow and gradual upheaval, by which the level plains of 
Patagonia, covered with recent marine shells, and the Pampas of 
Buenos Ayres, have been raised above the level of the sea-f On the 
other hand, the gradual sinking of the west coast of Greenland, for 
the space of more than 600 miles from north to south, during the 
last four centuries, has been established by the observations of a 
Danish naturalist, Dr. Pingel. And while these proofs continental 
ele^\ation and subsidence, by slow and insensible movements, have 
been recently brought to light, the evidence lias been daily strength- 
ened of continued changes of level effected by violent convulsions 
in countries where earthquakes arc frequent. There the rocks are 
rent from time to time, and heaved up or thrown down several feet 
at once, and disturbed in such a manner, that the original position of 
strata may, in the course of centuries, be modified to any amount. 

It has also been sliown by Mr. Darwin, that, in those seas where 
circular coral islands and barrier reefs abound, there is a slow and 
continued sinking of the submarine mountains on which the masses 
of coral are based ; while there are other areas of the South Scii, 
where the land is on the rise, and where coral has been upheaved far 
above the sea-level. 

It would require a volume to explain to the reader the various 
facts which establish the reality of these movements of land, whether 
of elevation or depression, whether accompanied by earthquakes or 
accomplished slowly and without local disturbance. Having treated 
fully of these subjects in the Principles of Geology J, I shall assume, 
in the present work, that such changes are part of the actual course 
of nature ; and when admitted, they will be found to afford a key to 
the interpretation of a variety of geological appearances, such as the 
elevation of horizontal, inclined, or disturbed marine strata, and the 
superposition of freshwater to marine deposits, afterwards to bo 
described. It will also appear, in the sequel, how much light the 

• In the first three editions of my opinion in the Phil. Trans. 1 835, Part I. 
Principles of Geology, I expressed many See also the Principles, 4th and subse- 
doubts as to the v^idity of the alleged quent editions. 

proofs of a gradual rise of land in f See his Journal of a Naturalist in 
Sweden ; but after visiting that countiy. Voyage of the Beagle, aud his work on 
in 1834, 1 retracted these objections, and Coral Reefs. 

published a detailed statement of the ;(*See chaps, xxvii. to xxxiL inclusive, 
observations which led me to alter my and chap. L 
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doctrine of a continued subsidence of land may throw on the manner 
in which a series of strata, formed in shallow water, may have accu- 
mulated io a grea^ thickness. The excavation of valleys also, and 
other effects of denudation, of which I shall presently treat, can alone 
be understood when we duly appreciate the proofs, now on record, 
of the prolonged rising and sinking of land, throughout wide areas. 

To conclude this subject, I may remind the reader, that were we 
to embrace the doctrine which ascribes the elevated position of marine 
formations, and the depression of certain freshwater strata, to oscil- 
lations in the level of the waters instead of the land, we should be 
compelled to admit that the ocean has been sometimes every where 
much shallower than at present, and at others more than three miles 
deeper. 

Inclined stratification. — The most unequivocal evidence of a 
change in the original position of strata is afforded by their standing 
up perpendicularly on their edges, which is by nob means a rare 
phenomenon, especially in mountainous countries. Thus we find in 
Scotland, on the southern skirts of the Grampians, beds of pudding- 
stone alternating with thin layers of fine sand, all placed vertically 
to the horizon. When Saussure first ob- ^ 

served certain conglomerates in a simi- 
lar position in the Swiss Alps, he re- 
marked that the pebbles, being for the 
most part of an oval shape, had their 
longer axes parallel to the planes of 
stratification (see fig. 61.). From this 
he inferred, that such strata must, at 
first, have been horizontal, each oval vertical conglomerate and sandstone. 

pebble having originally settled at the bottom of the water, with its 
fiatter side parallel to the horizon, for the same reason that an egg 
will not stand on either end if unsupported. Some few, indeed, of 
the rounded stones in a conglomerate occasionally afford an exception 
to the above rule, for the same reason that we see on a shingle beach 
some oval or flat-sided pebbles resting on their ends or edges ; these 
having been forced along the bottom and against each other by a 
wave or current so as to settle in this position. 

Vertical strata, when they can be traced continuously upwards or 
downwards for some depth, are almost invariably seen to be parts of 
great curves, which may have a diameter of a few yards, or of several 
miles. I shall first describe two curves of considerable regularity, 
which occur in Forfarshire, extending over a country twenty miles in 
breadth, from the foot of the Grampians to the sea near Arbroath. 

The mass of strata here shown may be nearly 2000 feet in thick- 
ness, consisting of red and white sandstone, and various coloured 
shales, the beds being distinguishable into four principal groups, 
namely. No. 1. red marl or shale; No. 2. red sandstone, used for 
building ; No. 3. conglomerate ; and No. 4. grey paving-stone, and 
tile-stone, with green and reddish shale, containing peculiar organic 
remains. A glance at the section will show that each of the forma- 
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tions 2, 3) 4, are repeated thrice at the 
surface, twice with a southerly, and once 
with a northerly inclination or dfi/7, and 
the beds in No. 1., which are nearly 
horizontal, are still brought up twice by 
a slight curvature to the surface, once 
on each side of A. Beginning at the 
north-west extremity, the tile-stones and 
conglomerates No. 4. and No. 3. are ver- 
tical, and they generally form a ridge 
parallel to the southern skirts of the 
Grampians. The superior strata Nos. 2. 
and 1. become less and less inclined on 
descending to the valley of Strathmore, 
where the strata, having a concave 
bend, are said by geologists to lie in 
a “trough” or “basin.” Through iho 
centre of this valley runs an imaginary 
line A, called technically a “synclinal 
line,” where the beds, which are tilted 
in opposite directions, may be supposed 
to meet. It is most important for the 
observer to mark such lines, for ho will 
perceive by the diagram, that in travel- 
ling from the north to the centre of the 
basin, he is always passing from older 
to newer beds ; whereas, after crossing 
the line A, and pursuing his course in 
the same southerly direction, ho is con- 
tinually leaving the newer, and advanc- 
ing upon older strata. All the deposits 
which he had before examined begin 
then to recur in reversed order, until he 
arrives at tlie central axis of the Sidlaw 
hills, where the strata are seen to form 
an arch or saddle^ having an anticlinal 
line B, in the centre. On passing this 
line, and continuing towards the S. E., the formations 4, 3, and 2, are 
again repeated, in the same relative order of superposition, but with 
a southerly dip. At Whiteness (see diagram) it will be seen that the 
inclined strata are covered by a newer deposit, «, in horizontal beds. 
These are composed of red conglomerate and sand, and are newer 
than any of the groups, 1, 2, 3, 4, before described, and rest uncon* 
formahly upon strata of the sandstone group, No. 2. 

An example of curved strata, in which the bends or convolutions 
of the rock are sharper and far more numerous within an equal space, 
has been well described by Sir James Hall.* It occurs near St. 



* Edin. Trans. roL viL pi. 3. 
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Abb’s Head, on the east coast of Scotland, where the rocks consist 
principally of a bluish slate, having frequently a ripple-marked sur- 
face. The undulations of the beds reach from the top to the bottom 


Fig. 63. 



Curved strata of slate near St. Abb’s Head, Berwickshire. ( Sir J. Hall. ) 


of cliffs from 200 to 300 feet in height, and there are sixteen distinct 
bendings in the course of about six miles, the curvatures being alter- 
nately concave and convex upwards. 

An experiment was made by Sir James Hall, with a view of illus- 
trating the manner in which such strata, assuming them to have been 
originally horizontal, may have been forced into their present position. 
A set of layers of clay were placed under a weight, and their oppo- 
site ends pressed towards each other with such force as to cause them 
to approach more nearly together. On the removal of the weight, 
the layers of clay were found to be curved and folded, so as to bear 
a miniature resemblance to the strata in the cliffs. We must, how- 
ever, bear in mind, that in the natural section or sea-cliff we only 
see the foldings imperfectly, one part being invisible beneath the 
sea, and the other, or upper portion, being supposed to have been 
carried away by denudation^ or that action of water which will be 


Fig. 64. 



explained in the next chapter. The dark lines in the accompanying 
plan (fig. 64.) represent what is*actually seen of the strata in part of 
the line of cliff alluded to ; the fainter lines, that portion which is 
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concealed beneath the sea level, as also that which is supposed to 
have once existed above the present surface. 

We may still more easily illustrate the effects which a lateral thrust 
might produce on flexible strata, by placing several pieces of differ- 
ently coloured cloths upon a t^ble, and when they are spread out hori- 

I'ii;. G5. 



zontally, co^ er them with a book. Then apply other books to each 
end, and force them towards each other. The folding of the cloths 
will exactly imitate those of the bent strata. (See fig. 65.) 

Whetlier the analogous flexures in stratified rocks have really been 
due to similar sideway movements is a question of considerable difli- 
i ulty. It will appear when the volcanic and granitic rocks are de- 
scribed that some of them have, when melted, been injected forcibly 
into fissures, while others, already in a solid state, have been pro- 
irnded upwards through the incumbent crust of the earth, by which 
Vi great displacement of flexible strata must have been caused. 

But we also know by the study of regions liable to earthquakes, 
that there are causes at work in the interior of the earth capable of 
producing a sinking in of the ground, sometimes very local, but some- 
times extending over a wide area. Tlic frequent repetition, or con- 
tinuance throughout long periods, of such downward movements 
-eems to imply the formal ion and renewal of ctivitics at a certain 
doptli below the surface, wliether by the removal of matter by vol- 
<*.anos and liot springs, or by the contraction of argillaceous rocks by 
heat and pressure, or any other combination of circumstances. Wliat- 
(*vcr conjectures we may indulge respecting the causes, it is certain 
that pliable beds may, in consequence of unequal degrees of subsi- 
dence, become folded to any amount, and have all the appearance ot 
iiaving been compressed suddenly by a lateral thrust. 

The “ Creeps,” as they are called in coal-mines, afford an excellent 
illustration of this fact. — First, it may be stated generally, that the 
excavation of coal at a considerable depth causes the mass of over- 
lying strata to sink down bodily, cv/?n when props are left to support 
the roof of the mine. “ In Yorkshire,’’ says Mr. Buddie, three dis- 
tinct subsidences were perceptible at the surface, after the clearing 
out of three seams of coal below, and innumerable vertical cracks 
were caused in the incumbent mass of sandstone and shale, which 
thus settled down.” * The exact amount of depression in these cases 
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can only be accurately measured where water accumulates on the 
surface, or a railway traverses a coal-field. 

When a bed of coal is worked out, pillars or rectangular masses 
of coal are left at intervals as props to support the roof, and protect 
the colliers. Thus in fig. 66., representing a section at Wallsend, 



Newcastle, the galleries which have been excavated are represented 
by the white spaces a by while the adjoining dark portions are parts 
of the original coal-seam left /is props, beds of sandy clay or shale 
constituting the fioor of the mine. When the props have been re- 
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duced in size, they are pressed down by the weight of overlying rocks 
(no less than 630 feet thick) upon the shale below, which is thereby 
squeezed and forced up into the open spaces. 

Now it might have been expected, that instead of the floor rising 
up, the ceiling would sink down, and this eflect, called a “ Thrust,^’ 
does, in fact, tak^ place where the pavement is moi^ solid than the 
roof. But it usually happens, in coal-mines, that the roof is com- 
posed of hard shale, or oceasionally of sandstone, more unyielding 
than the foundation, which often consists of clay. Even where the 
nrgiUnccoiis substrata are liard at nrst, tlifcy soon become softened 
and reduced to a plastic state wlien exposed to tlie contact of air and 
water in the floor of a mine. 

' The lirst symptom of a creep,’’ says Mr. Buddie, is a slight cur- 
vature at the bottom of each gallery, as at a, fig. 66.: then the 
pavement continuing to rise, begins to open with a longitudinal 
crack, as at b: then the points of tl>c fractured ridge reach the rf)of, 
as at c ; and, lastly, the upi'aised beds close up the whole gallery, . iid 
the broken portions of the ridge ai-e re-united and flattened at the 
top, exliibiting the flexure seen at d. Meanwhile the coal in the 
props has become crushed and cracked hy pressure. It is also found 
that below the creeps c, c?, an inferior stratum, called the 

metal coal,” which is 3 feet thick, has been fractured at the points 

/» O') b, and has risen, so as to prove that the upward movement, 
caused by the working out of the “ main coal,” has been propagated 
through a thickness of 54 feet of argillaceous beds, which intervene 
between the two coal seams. This same displacement has also been 
traced downwards more than 150 feet below the metal coal, but it 
grows continually less and less until it becomes imperceptible. 

No part of the process above described is more deserving of our 
notice than the slowness with which the change in the arrangement 
of the beds is brought about. Days, months, or even years, will 
sometimes elapse between the first bending of the pavement and the 
time of its reaching the roof. Where the movement has been most 
rapid, the curvature of the beds is most regular, and the reunion of 
the fractured ends most complete; whereas the signs of displacement 
or violence are greatest in those creeps which have required months 
or years for their entire accomplishment. Hence we may conclude 
that similar changes may have been wrought on a larger scale in tlie 
eartlfs crust by partial and gradual subsidences, especially where 
the ground has been undermined throughout long periods of time ; 
and we must be on our guard against inferring sudden violence, 
simply because the distortion of the beds is excessive. 

Between tlie layers of shale, accompanying coal, we sometimes see 
the leaves of fossil ferns spread out as regularly as dried plants 
between sheets of paper in the herbarium of a botanist. These fern- 
leaves, or fronds, must have rested horizontally on soft mud, when 
first deposited. If, therefore, they and the layers of shale are now 
inclined, or standing on end, it is obviously the effect of subsequent 
derangement. The proof . becomes, if possible, still more striking 
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when these strata, including vegetable remains, are curved again and 
again, and even folded into the form of the letter Z, so that the same 
continuous layer of coal is cut through several times in the same 
perpendicular shaft. Thus, in the coal-field near Mens, in Belgium, 

Fig. 67. 



tliese zigzag bendings are repeated four or five times, in the manner 
represented in fig. 67., the black lines representing seams of coal.* 

Dip and Strike. — In the above remarks, several technical terms 
liave been used, such as dip^ the unconformable position of strata, 
and tlje anticlinal and synclinal lines, which, as well as the strike of 
the beds, I shall now explain. If a stratum or bed of rock, instead 
of being quite level, be inclined to one side, it is said to dip; the 
point of the compass to which it is^ inclined is called the point of dip, 
and the degree of deviation from a level or horizontal line i^ called 

the amount of dip, or the angle 
of dip. Thus, in the annexed 
iM) diagram (fig. 68.), a series of 
strata are inclined, and they dip 
to the north at an angle of forty- 
five degrees. The strike, or line 
of hearing, is the prolongation or extension of the strata in a direction 
at right angles to the dip ; and hence it is sometimes called the di- 
rection of the strata. Thus, in the above instance of strata dipping 
to the north, their strike must necessarily be east Tind west. We 
have borrowed the word from the German geologists, streichen sig- 
nifying to extend, to have a certain direction. Dip and strike may 
be aptly illustrated by a row of liouses running east and west, the 
long ridge of the roof repi’esenting the strike of the stratum of slates, 
which dip on one side to the north, and .on the other to the south. 

A stratum which is horizontal, or quite level in all directions, has 
neither dip nor strike. 

It is always important foV the geologist, wdio is endeavouring to 
comprehend the structure of a country, to learn how the beds dip in 
(?very part of the district; but it requires some practice to avoid 
being occasionally deceived, both as to the point of dip and the 
amount of it. 


Fijr.OS. 
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* See plan by M. Chevalier, Burat’s D'Anbuisson, tom. ii. p, 334. 
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If the upper surface of a hard stony stratum be uncovered, whether 
artificially in a quarry, or by the waves at the foot of a cliff, it is 
easy to determine towards what point of the compass the slope is 
steepest, or in what direction water would flow, if poured upon it. 
This is the true dip. But the edges of highly inclined strata may 
give rise to perfectly horizontal lines in lltc face of a vertical cliff, if 
the observer see the strata in the line of their strike, the dip being 
inwards from the face of the cliff. If, however, we come to a break 
in the cliff, which exhibits a section exactly at right angles to the 
line of the strike, we are then able to ascertain the true dip. In tlie 
annexed drawing (fig. 69.), we may suppose a headland, one side of 

I'lp. 



Apparent horizcmtality of inclined strata. 


which faces to the north, where the beds would appear perfectly 
horizontal to a person in the boat; while in the other side facing the 
west, the true dip would be seen by the person on shore to be at an 
angle of 40^ If, therefore, our observations are confined to a vertical 
precipice facing in one direction, we must endeavour to find a ledge 
or portion of the plane of one of the beds projecting beyond the 
others, in order to ascertain the true dip. 

If not provided with a clinometer, a most useful instrument, when 
it is of consequence to determine with precision the inclination of the 
strata, the observer may measure the angle within a few degrees by 
"0* standing exactly opposite to a cliff where 

the true dip is exhibited, holding the 
hands immediately before the eyes, and 
placing the fingers of one in a perpen- 
dicular, and of the other in a horizontal 
position, 'as in fig. 70. It is thus easy 
to discover whether the lines of the in- 
clined beds bisect the angle of 90®, formed 
by the meeting of the hands, so as to give 
an angle of 45°, or whether it would di- 
vide the space into two equal or unequal 
portions. The upper dotted line maiy express a stratum dipping to 
the north ; but should the beds dip precisely to the opposite point of 
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the compass as in the lower dotted line, it will be seen that the amount 
of inclination may still be measured by the hands with equal facility. 

It has been already seen, in describing the curved strata on the 
east coast of Scotland, in Forfarshire and Berwickshire, that a series 
of concave and convex bendings are occasionally repeated several 
times. These usually form part of a series of parallel waves of 
strata, which are prolonged in the same direction throughout a con- 
siderable extent of country. Thus, for example, in the Swiss Jura, 
that lofty chain of mountains has been proved to consist of many 
parallel ridges, with intervening longitudinal valleys, as in fig. 71., 
the ridges being formed by curved fossiliferous strata, of which 
the nature and dip are occasionally displayed in deep transverse 
gorges, called “ cluses,” caused by fractures at right angles to the 
direction of the chain.* Now let us suppose these ridges and parallel 
valleys to run north and south, we should then say that the strike of 
the beds is north and south, and the dip east and* west. Lines 
drawn along the summits of the ridges, A, B, would be anticlinal 
lines, and one following the bottom of the adjoining valleys a syn- 
clinal line. It will be observed that some of these ridges. A, B, are 
unbroken on the summit, whereas one of them, C, has been fractured 
along the line of strike, and a portion of it carried away by denud- 
ation, so that the ridges of the beds in the formations a, r, come 


Fig. 71. 



Section illustrating the structure of the Swiss Jura. 


Fig. 72. Fig. 73. 



Uroiiud plan of the denuded ridge C, fig. 71. 


out to the day, or, as the miners 
say, crop out^ on the sides of a 
.1 valley. The ground plan of sucli 
I a denuded ridge as C, as given 
g in a geological map, may be ex-* 

1 pressed by the diagram fig. 72., 

2 and the cross section of the same 
by fig. 73. The line D E, fig. 72., 
is the anticlinal line, on each side 


• See M. Thurmaim’s work, “Essai rentruy, Paris, 1832,” with whom I cx- 
sur Ics Souldvemcns Jurassiques du Por- amined part of these niouiitaius iu 1833. 
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of which the dip is in opposite directions, as expressed by the 
arrows. The emergence of strata at the surface is called by miners 
their out-crop or basset 

If,' instead of being folded into parallel ridges, the beds form a 
boss or dome-shaped protuberance, and if we suppose the summit 
of the dome carried off, the ground plan would exliibit the edges of 
the strata forming a succession of circles, or ellipses, round a com- 
mon centre. These circles are the lines of strike, and the dip being 
always at right angles is inclined in the course of the circuit to every 
])oint of the compass, constituting what is termed a qua-quaversal 
dip — that is, turning each way. 

There are endless variations in the figures described by the basset- 
edges of the strata, according to the different inclination of tlie beds, 
and the mode in which they happen to have been denuded. One of 
the simplest rules with which every geologist should be acquainted, 
relates to the V-like form of the beds as they crop out in an ordinary 
valley. First, if the strata be horizontal, the Y-like form will be 
also on a level, and the newest strata will appear at the greatest 
heights. 

Secondly, if the beds be inclined and intersected by a valley 
sloping in the same direction, and the dip of the beds be less steep 
than the slope of the valley, then the V’s, as they are often termed 
by miners, will point upwards (see fig. 74.), those formed by the 

newer beds appearing in 
a superior position, and 
extending highest up the 
valley, as A is seen above 
B. 

Thirdly, if the dip of 
the beds be steeper than 
the slope of the valley, 
then the V’s will point 
downwards (sec fig- 75.), 
and those formed of the 
older beds will now appear 
uppermost, as B appears 
above A. 

Fourthly, in every case 
where the strata dip in a 
contrary direction to the 
slope of the valley, what- 
ever be the angle of in- 
clination, the newer beds 
will appear the highest, 
as in the first and second 
cases. This is shown by 
the drawing (fig. 76. ), 
which exhibits strata ris- 
ing at an angle of 20% 


Fig. 74. 



.Slope of valley 40°, dip of strata 20°. 
Fig. 75 



Slope of valley 20°, dip of strata 50°. 
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Fig- 76. and crossed by a valley, 

which declines in an oppo* 
site direction at 20*^.* 

These rules may often 
be of great practical uti- 
lity; for the different de- 
grees of dip occurring in 
the two cases represented 
in figures 74 and 75. may 
occasionally be encoun- 
tered in following the same 
line of flexure at points 
a few miles distant, frozh 

Slope of valley ‘iOO, dip of strata 20O. in oppodtc direction.. ^ 

acquainted with the rule, who had first explored the valley (fig. 
74.), may have sunk a vertical shaft below the coal seam A, until 
he reached the inferior bed B, He might then pass to the valley 
fig. 75., and discovering there also the outcrop of two coal seams, 
might begin his workings in the uppermost in the expectation of 
coming down to the other bed A, which would be observed cropping 
out lower down the valley. But a glance at the section will demon- 
strate the futility of such hopes. 

In the majority of cases, an anticlinal axis forms a ridge, and a 
synclinal axis a valley, as in A, B, fig. 62. p, 48. ; but there are 
Fig. 77. exceptions to this rule, the beds sometimes 

sloping inwards from either side of a moun- 
tain, as in fig. 77. 

On following one of the anticlinal ridges 
of the Jura, before mentioned, A, B, C, tig. 
71., we often discover longitudinal cracks 
and sometimes large fissures along the line 
where the flexure was greatest. Some of these, as above stated, 
have been enlarged by denudation into valleys of considerable width, 
as at C, fig. 71., which follow the line of strike, and which we may 
suppose to have been hollowed out at the time when these rocks were 
still beneath the level of the sea, or perhaps at the period of their 
gradual emergence from beneath the waters. The existence of such 
cracks at the point of the sharpest bending of solid strata of limestone 
is precisely what we should have expected ; but the occasional 
want of all similar signs of fracture, even where the strain has been 
greatest, as at a, fig. 71., is not always easy to explain. We must 
imagine that many strata of limestone, chert, and other rocks which . 
are now brittle, were pliant when bent into their present position. 

• 

* I am indebted to tho kindness of originals, turning them about in different 
T. Sopwith, Esq., for three models which ways, ho would at once compr^end their 
I have copied in the above diagrams ; meaning as well as the import of others 
but the beginner may find it by no means far more complicated, which the same 
easy to understand such copies, although, engineer has constructed to illustrate 
if he were to examine and handle the faults. 
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They may have owed their flexibility in part to the fluid matter 
which they contained in their minute pores, as before described 
(p. 35.), and in part to the permeation of sea-water while they were 
yet submerged. 

At the western extremity of the Pyrenees, great curvatures of the 
strata ai'e seen in the sea cliffs, where the rocks consist of marl, grit, 
and chert. At certain points, as at a, fig. 78., some of the bendings 

Fig, 78. 



of the flinty eJiert are so sharp, that specimens might be broken off', 
well fitted to serve as ridge-tiles on the roof of a house. Although 
this chert could not have been brittle as now, when first folded into 
this shape, it presents, nevertheless, here and there at the points of 
greatest flexure small cracks, which show that it was solid, and not 
wholly incapable of breaking at the period of its displacement. The 
numerous rents alluded to arc not empty, but filled with calcedony 
and quartz. 

I^etwecn San Caterina and Castrogiovanni, in Sicily, bent and 
undulating gypseous marls occur, with here and there thin beds of 
Pig, 79 . solid gypsum interstratified. Sometimes 

these solid layers have been broken into 
detached fragments, still preserving their 
sharp edges fig. 79.), while the con- 
tinuity of the more pliable and ductile 
marls, m m, has not been interrupted. 

I shall conclude my remarks on bent 
strata by stilting, that, in mountainous 
regions like the Alps, it is often difficult 
for an experienced geologist to determine correctly the relative age 
of beds by superposition, so often have the strata been folded back 
upon themselves, the upper parts of the curve having been removed 
by denudation. Thus, if we met with the strata seen in the section 
fig. 80., wc should naturally suppose that there were twelve distinct 

beds, or sets of beds, No. 1. being the 
newest, and No. 12. the oldest of the 
series. 33ut this section may, perhaps, 
exhibit merely six beds, which have 
been folded in the manner seen in 
fig. 81., so that each of them is twice repeated, the* position of one 
half being reversed, and part of No. 1., originally the uppermost, 
having now become the lowest of the series. These phenomena are 
often observable on a magnificent scalf in certain regions in Switzer- 
land in precipices from 2000 to 3000 feet in perpendicular height. 





Ch. V.] 


CURVED STRATA IN THE ALPS. 
Fig. 81. 


59 



In the Iseltcn Alp, in the valley of the Lutschine, between Unterseen 
and Grindelwald, curves of calcareous shale are seen from 1000 to 
loOO feet in height, in which the beds sometimes plunge down ver- 
tically for a depth of 1000 feet and more, before they bend round 

Fig. 82. 



Curved strata of Uie Iselten Alp. 

again. There are many flexures not inferior in dimensions in the 
Pyrenees, as those near Gavarnie, at the base of Mont Perdu. 

Unconformable stratification, — Strata are said tp be unconform- 
able, when one series is so placed over another, that the planes of the 
superior repose on the edges of the inferior (see fig. 83.). In this 

Fig. 83. 



Unconformabie Junction of old red sandstone and Silurian schist at the Siccar Point, near St. Abb's 
Head, Berwickshire. See also Frontispiece. 

case it is evident that a period had elapsed between the production 
of the two sets of strata, and that, during this interval, the older 
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series had been tilted and disturbed. Afterwards the upper series 
was thrown down in horizontal strata upon it. If these superior 
beds, as fig. 83., are also inclined, it is plain tliat the lower 
strata, a, c/, have been twice displaced ; first, before the deposition of 
the newer beds, «?, d, and a secojid time when these same strata were 
thrown out of the horizontal position. 

Playfair has remarked * that this kind of junction which we now 
call unconformable had been described before the time of Hutton, 
but tliat he was the first geologist w'lio appreciated its importance, as 
illustrating the high antiquity and great revolutions of the globe, 
lie had observed that where such contacts occur, the lowest beds of 
the newer series very generally consist of a breccia or conglomerate 
consisting of angular and rounded fragments^ derived from tlic break- 
ing up of the more ancient rocks. On one occasion the Scotch 
geologist took his two distinguished pupils, Playfair and Sir James 
Hall, to the cliffs on the east coast of Scotland, near the village of 
Eyemouth, not far from St. AbVs Head, where the schists of the 
Lammerinuir range are undermined and dissected by the sea. Here 
the curved and vertical strata, now known to be of Silurian ago, and 
which often exhibit a ripple-marked surface, are well exposed at 
the headland called the Siccar Point, penetrating with their edges 
into the incumbent beds of slightly inclined sandstone, in which large 
pieces of the schist, some round and others angular, are united by an 
arenaceous cement. “ What clearer evidence,” exclaims Playfair, 

could we have had of the different formation of these rocks, tand of 
the long interval which separated their formation, had we actually 
seen them emerging from the bosom of the deep ? We felt ourselves 
necessarily carried back to the time when the schistus on which we 
stood was yet at the bottom of the sea, and when the sandstone before 
us was only beginning to be deposited in the shape of sand or mud, 
from the waters of a superincumbent ocean. An epoch still more 
remote presented itself, when even the most ancient of these rocks, 
instead of standing upright in vertical beds, lay in horizontal planes 
at the bottom of the sea, and was not yet disturbed by that immea- 
surable force which has burst asunder the solid pavement of the 
globe. Revolutions still more remote appeared in the distance of 
this extraordinary perspective. The mind seemed to grow giddy by 
looking so far into the abyss of time ; and while we listened with 
earnestness and admiration to the philosopher who was now unfold- 
ing to us the order and series of these wonderful events, we became 
sensible how much fartlier reason may sometimes go than imagina- 
tion can venture to follow.” f 

In the annexed illustration (fig. 83 A), the reader will see a view of 
this classical spot, reduced from a large picture, faithfully drawn and 
coloured from nature by the youngest son of the late Sir James Hall. 
It was impossible, however, to do justice to the original sketch, in an 

* Biographical account of Rr. Hutson. 

t Playfair, ibid.; see his Works, £din. 1822, vol. iv. p. 81. 
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Small opening in the fractured beds of overlying Old Ue»l Saiidstuiie, through which thf> edges oftheliedi of older vertical schist 
Old Re?Sandstone In slightly Inclined beils- 
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engraving, as the contrast of the red sandstone and the light fawn- 
coloured vertical schists could not be expressed. From the point of 
view here selected, the underlying beds of the perpendicular schist, a, 
arc visible at h through a small opening in the fractured beds of the. 
covering of red sandstone, d rf, while on the vertical face of the old 
schist at a" a conspicuous ripple-mark is displayed. 

It often happens that in the interval between the deposition of two 
sets of unconformable strata, the inferior rock has not only been 
denuded, but drilled by perforating shells. Thus, for example, at 
Autreppe and Gusigny, near Mens, beds of an ancient (primary or 


Fig. 84. 



paleozoic) limestone, highly inclined, and often bent, are covered with 
horizontal strata of greenish and whitish marls of the Cretaceous 
formation. The lowest and therefore the oldest bed of the horizontal 
series is usually the sand and conglomerate, a, in which are rounded 
1 ragments of stone, from an inch to two feet in diameter. These frag- 
ments have often adhering shells attached to them, and have been 
bored by perforating mollusca. The solid surface of the inferior 
limestone has also been bored, so as to exhibit cylindrical and pear- 
sliaiwd cavities, as at c, the work of saxicavous mollusca; and many 
rents, as at ft, which descend several feet or yards into the limestone, 
have been filled with sand and shells, similar to those in the stratum a. 

Fractures of the strata and faults, — Numerous rents may often be 
seen in rocks which appear to have been simply broken, the sepa- 
rated parts remaining in the same places ; but we often find a fissure, 
several inches or yards wide, intervening between the disunited por- 
tions. These fissures are usually filled with fine earth and sand, or 
with angular fragments of stone, evidently derived from the fracture 
of the contiguous rocks. 

It is not uncommon to find the mass of rock, on one side of a 
fissure throwm up above or down below the mnss with which it w'as 
once in contact on the other side. “ This mode of displacement is 
called a shift, slip, or fault. “ The miner,” says Playfair, describing a 
fault, “ is often perplexed, in his subterraneous journey, by a derange- 
ment in the strata, which changes at once all those lines and bearings 
which had hitherto directed his course. When his mine reaches a 
certain plane, which is sometimes perpendicular, as in A B, fig. So., 
sometimes obliqhe to the horizon (as in C D, ibid.), ho finds the beds 
of rock broken asunder, those on the one side of the plane having 
changed their place, by sliding in a particular direction along the 
face of the others. In this n^otion they have sometimes preserved 
their parallelism, as in fig. 85., so that the strata on each side of the 
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Faults. A B perpendicular, C D oblique to the borison. 

faults A B, C D, continue parallel to one another; in other case.s, the 
strata on each side are inclined, as in a, c, d (fig. 86.), tliough 


Fig. 85. 



their identity is still to be recognized by their possessing the same 
thickness and the same internal characters.’’* 

In Coalbrook Dale, says Mr. Prestwich f, deposits of sandstone, 
shale, and coal, several thousand feet thick, and occupying an area 
of many miles, have been sliivered into fragments, and the broken 
remnants have been placed in very discordant positions, often at 
levels differing several hundred feet from each other. The sides of 
the faults, when perpendicular, are commonly separated several yards, 
but are sometimes as much as 50 yards asunder, the interval being 
filled with broken debris of the strata. In following the course of 
the same fiiult it is sometimes found to produce in different places 
\ ery unequal changes of level, the amount of shift being in one place 
;i00, and in another 700 feet, which arises, in some cases, from the 
union of two or. more fiiults. In other words, the disjointed strata 
have in certain districts been subjected to renewed movements, which 
they have not suffered elsewhere. 

We may occasionally see exact counterparts of these slips, on a 
small scale, in pits of loose sand and gravel, many of which have 
doubtless been caused by the drying and shrinking of argillaceous 
and other beds, slight subsidences having taken place from fiiilure 
' of support. Sometimes, however, even these small slips may have 
been produced during earthquakes ; for land has been moved, and its 
level, relatively to the sea, considerably altered, within the period 
when much of tho alluvial sand and gravel now covering the surface 
of continents was deposited. 


* Playfiiir, Ulust. of Hutt. Theoiy, i Gcol. Trans, second series, voi. v. 
§ 42. p. 452. 
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I have already stated that a geologist must be on his guard, in a 
region of disturbed strata, against inferring repeated alternations of 
rocks, when, in fact, the same strata, once continuous, have been 
bent round so as to recur in the same section, and with the same dip. 
A similar mistake has often been occasioned by a series of faults. 

If, for example, the dark line A H (fig. 87.) represent the surface 
of a country on which the strata ahe frequently crop out, an observer, 


Fig. 87. 



Apparent alternations of str^Ua caused by rertical faults. 


who is proceeding from H to A, might at first imagine that at every 
step he was approaching ncAV strata, whereas the rejxjtition of the 
same beds has been caused by vertical faults, or downthrows. Thus, 
suppose the original mcass. A, B, C, D, to have been a set of uniformly 
inclined strata, and that the different masses under E F, F G, and 
G D, sank down successively, so as to leave vacant the spaces marked 
in the diagram by dotted lines, and to occupy those marked by the 
continuous lines, then let denudation take place along the line A H, 
so that the protruding masses indicated by the fainter lines are swept 
away, — a miner, who has not discovered the faults, finding the mass 
a, which we will suppose to be a bed of coal four times repeated, 
might hope to find four beds, workable to an indefinite depth, but 
first on arriving at the fault G he is stopped suddenly in his workings, 
upon reaching the strata of sandstone c, or on arriving at the line of 
fiiult F ho comes partly upon the shale 6, and partly on the sandstone 
c, and on reaching E he is again stopped by a wall composed of the 
rock d. 

The very different levels at which the separated parts of the same 
strata are found on the different sides of the fissure, in some faults, 
is truly astonishing. One of the most celebrated in England is that 
called the “ ninety-fathom dike,” in the coal-field of Newcastle. This 
name has been given to it, because the same beds are ninety fathoms* 
lower on the northern than they are on the southern side. The 
fissure has beerr filled by a body of sand, which is now in the state 
of sandstone, and is called the dike, which is sometimes very narrow, 
but in other places more than twenty yards wide. * The walls of the 
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fissure are scored by grooves, such as would liiivo been produced ii 
the broken ends of tho rock had been rubbed along tlie piano ot the 
fault.* In the Tyncdalo and Craven faults, in the nortliot Kngland, 
tho vertical displacement is still greater, and tlie fracture has ex- 
tended in a horizontal direction for a distance of thirty inilt*s or more. 
Some geologists consider it necessary to imagine that tho upward or 
downward movement in these cases was accomplished at a single 
stroke, and not by a series of sudden but interrupted movements. 
This idea appears to have been derived from a notion that the grooved 
walls have merely been rubbed in one direction. But this is so far 
from being a constant phenomenon in faults, that it has often been 
objected to the received theory respecting those polished surfaces 
Galled “sHckensides” that the strise are not always parallel, but 
often'eurved and irregular. It has, moreover, been remarked, that 
not only the walls of the fissure or fault, but its earthy contents, 
sometimes present the same polished and striated tacos. Now 
these facts seem to indicate partial changes in the direction of tho 
movement, and some slidings subsequent to the first filling up of 
the fissure. Suppose the mass of rock A, B, C, to overlie an ex- 
tensive chasm d e, formed at the depth of several miles, whether by 

Fig. 88. 

ABC 



tlie gradual contraction in bulk of a melted mass passing into a solid 
or crystalline state, or the shrinking of argillaceous strata, baked by a 
niodcrate heat, or by the subtraction of matter by volcanic action, or 
any other cause. Now, if this region be convulsed by earthquakes, 
the fissures f and others at right angles to them, may sever the 
mas.s B from A and from C, so that it may move freely, and begin 
to sink into the ciiasin. A fracture may be conceived so clean and 
perfect as to allow it to subside at once to the bottom of the subter- 
ranean cavity ; but it is far more probable that the sinking will be 
effected at successive periods during different earthquakes, the mass 
always continuing to slide in the same direction along the planes of 
the fissures and the edges of the falling mass being continually 
more broken and triturated at each convulsion. If, as is not im- 
I)robable, the circumstances which have caused the failure of support 
continue in operation, it may liappen that when the mass B has filled 
the cavity first formed, its foundations will again give way under it, 
•so that it will fall again in the same direction. But, if the direction 
sliould change, the fact could not be discovered by observing tho 
slickensides, because the last scoring would efface the lines of pre- 
vious friction. In the present state of our ignorance of the causes 
of subsidence, an hypothesis which can explain the great amount of 
displacement in some faults, on sound mechanical principles, by a 
* Phillips, Geology, LardneVs Cyclop, p. 41 , 
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succession of movements, is far preferable to any theory which as. 
Slimes each fault to have been accomplished by a single upcast or 
downthrow of several thousand feet. For we know that there an; 
operations now in progress, at great depths in the interior of the 
earth, by which both large and small tracts of ground are made to 
rise above and sink below their former level, some slowly and in- 
sensibly, others suddenly and by starts, a few feet or yards at a time ; 
whereas there are no grounds for believing that, during the last 30(X) 
years at least, any regions have been either upheaved or depressed, 
at a single stroke, to the amount of several hundred, much less several 
thousand feet. When some of the ancient marine formations an^ 
described in the sequel, it will appear that their structure and 
organic contents (the fossils often belonging exclusively to 6halloi\^ 
water species and genera) point to the conclusion, that the floor of 
the ocean was slowly sinking at the time of their origin. The down- 
ward movement was very gradual, and in Wales and the contiguous 
parts of England a maximum thickness of 32,000 feet (more than 
six miles) of Carboniferous, Devonian, and Silurian rock was formed, 
whilst the bed of the sea was all the time continuously and tran- 
quilly subsiding.* Whatever may have been the changes which tin* 
solid foundation underwent, whether accompanied by the melting, 
consolidation, crystallization, or desiccation of subjacent mineral 
matter, it is clear from the fact of the sea having remained shallo\v' 
all the while that the bottom never sank down suddenly to the deptli 
of n^any hundred feet at once. 

It is by assuming such reiterated variations of level, each separately 
of small vertical amount, but multiplied by time till they acquire im- 
portance in the aggregate, that we are able to explain the phenomena 
of denudation, which will be treated of in the next chapter. By sueli 
movements, every portion of the surface of the land becomes in it'^ 
turn a line of coast, and is exposed to the action of the waves and 
tides. A country which is undergoing such movement is never 
allowed to settle into a state of equilibrium, therefore the force uf 
rivers and torrents to remove or excavate soil and rocky masses is 
sustained in undiminished energy. 

• See the results of the « Geological Survey of Great Britain ; ” Memoirs, vols. i 
and il, by Sir H. Be la Beebe, Mr. A. C. Ramsay, and Mr. John Phillips, 
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CHArTER vr. 

DKNUnATIO.V. 

Dcniulation defined — Its amount equal to the entire mass of fJtratifii*d dt'posits in 
the earth’s crust — Horizontal sandstone demided in Koss-shirc — Levelled surface 
uf eoiintries in which great faults occur — Coalbrook Dale — Denuding power of 
the ocean <luring the emergence of land — Origin of Valleys — Obliteration of sea- 
cliffs — Inland sea-cliffs and terraces in the Morea and Sicily — Limestone pillars 
* at Si. Mihiel, in France — in Canada — in the Bermudas. 

Dknudatiox, which has been occasionally spoken of in the })reeeding 
chapters, is tfie removal of solid matter by water in motion, wlietln'r of 
rivers or of the waves and currents of the sea, and tlie cousoqiuMir lay- 
ing bare of some inferior rock. Geologists have pcrliaps been s<*Moin 
in the habit of reflecting that this operation has exerted an inniiene(* 
on the structure of the earth’s crust as universal and important as 
sedimentary depo^^itioii itself; for denudation is the inseparahh' ac- 
companiment of the production of all new strata of me<*lianlcnl oi i<.nn. 
The formation of every now deposit by tin* ti’ansport of s«*dim(‘nt and 
j)(?bhles necessarily implies that th(‘re lias been, somewhere ('l>e, a 
grinding down of ro(‘k into ronndc*d fragment'^, sand, or mod, e(pfcil in 
quantity to the new stj'ata. AH depo>ition, th<*refon*, exce[)t in tlie ea^e 
of a >hower of volcanic ashc.s, is the sign of superficial wa.<fe goingon 
contemjioraneou<ly, and to an equal amount (dscwhcrc 'J'hc gain at 
one point is no more than suiri<’ieiit to balan(*c the loss at some other. 
Here a lake has grown slialhiwer, then* a ravine lias been dfMqxmed. 
The hod of the sea \\a,< in (me region been raised by tin* aeenrnulation 
of new matt(u*, in another its depth has been augmented by the 
abstraction of an equal (piantity. 

When we see a stom*. building, we knoAV that somewhere, far or 
near, a (ptarry has been opemed. The eourses of stone in th(* building 
may be conqiarod to successive strata, the (piarry to a ravine^, or vall(‘v 
Avbich lias sulfered denudation. As the strata, like the courses of 
iKAvn stone, have been laid one upon anrAher gradually, so the ex- 
cavation both of the valley and quarry have b(‘en gradual. To pursue, 
the comparison still fartlier, the superficial heaps of mud, sand, and 
gravel, usually called alluvium, may be likened to the rubbish of a 
(piarry which has bc^en r(‘jectcd as -useless by the workmen, or has 
fallen upon the road bet\vcen the quarry and the huililiiig, so as to 
lie scattered at random over the ground. 

If, then, the entire mass of stratifiijd deposits in the earth’s ernst 
is at once the monument and measure of the denudation whi(!h has 
taken place, on how stupendous a scale ought we to find the signs of 
this removal of transport(?d materials in past ages ! Accordingly, 
there m*e different classes of phenomena, wliich attest in a most 
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Striking niannnr tlici vast spaces left vacant by the erosive power of 
water. 1 may allude, first, to those valleys on both sides of which 
the same strata are seen following each other in the same order, and 
having tli(3 same mineral composition and fossil contents. We may 
observe, for example, several formatioiis, as Nos. 1, 2, 3, 4, in the 
vig.m. _ accompanying diagram (fig. 89.) ; No. 1. 

conglomerate. No. 2. clay. No. 3. grit, and 
No. 4. limestone, each repeated in a series 
of hills separated by valleys varying in 
depth. When we examine the subordi- 
nate parts of these four formations, we 
6nd, in like manner, distinct beds in each 
corresponding, on the opposite sides of the valleys, both in com[lo- 
sition and order of position. No one can doubt that the strata were 
originally continuous, and that some cause has swept away the por- 
tions which once connected the whole series. A torrent on the side 
of a mountain produces similar interruptions; and when we make 
artificial cuts in lowering roads, we expose, im like manner, corre 
sponding beds on either side. But in nature, these appearances occur 
in mountains several thousand feet high, and separated by intervals 
()f many miles or leagues in extent, of which a grand exemplification 


Vallc) s of denudation. 
a. alluvium. 


is described by Dr. 
shire in Scotland.* 


]\Iacciilloch, on the north-western coast of Boss- 


Fig. 90. 
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Doiind.ition of red sandstone on north-west coast of Ross -shire. (M.icculloch.) 

Tlie fundiiincntal rock of that country is gtioiss, in tlisturhcd strata 
on Avliicli beds of nearly horizontal red sandstone rest unconforniablv! 
'riu! latter are often very thin, forming mere flags, with their surfaces, 
distinctly ripple-marked. Tliey end abruptly on the declivities of 
many insulated mountains, which rise up at once to the hci-rlu of 
about 2000 feet above tlie gneiss of the surrounding plain or° tabic 
land, and to an average elevation of about 3000 feet above the sea, 
wliich all tlieir summits generally attain. The base of gneiss varies 
in height, so that the lower portions of the sandstone occupy dlftereiit 
levels, and the thickness of the mass is various, sometimes exceedin'^ 
3000 feet. It is impossible to. compare titese scattered and detached 
portions without imagining that the whole country has once been 
lovered with a great body of sandstone, and that masses from 1000* 
to more tlian 3000 feet in thickness have been removed. 

In the “ Suiwcy of Great Britain ” (vol. i.), Piofessor Ramsay 
has shown tliat the missing beds, removed from, the summit of the 
Mendips, must have been nearly a mile in tliicknoss ; and he lias 

pointed out considerable areas in South Wales and some of the ad- 

• 

Western Islands, vol. ii. p. 93. pi. 31. fig. 4 . 
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jjicont countios of England, whore a series of primai v (or pahvozoie) 
strata, not less than ll,0()0 feet in thickness, have l)et‘n strij)j)etl otf. 
All these materials have of course been transj)orted to new n*gions, 
and have entered into the composition of more modern rornmtions. On 
the other hand, it is shown by observations in the same Survey,’’ that 
the paliBozoic strata are from 20,000 to 30,000 feet thick. It is eh^ar 
that such rocks, formed of mud and sand, now for the most part 
consolidated, are the monuments of denuding operations, which took 
place on a grand scale at a very remote period in the earth’s history. 
For, whatever has been given to one area must always have been 
borrowed from another ; a truth which, obvious as it m.ay seem when 
thus stated, must be repeatedly impressed on the student’s mind, 
becaiige in many geological speculations it is taken for granted tliat 
the external crust of the earth has been always growing thicker in 
consequence of the accumulation, period after period, of sedimentary 
matter, as if the new strata were not always produced at the cxp(‘nsc 
of pre-existing rocks, stratified or unstratific»l. By duly rcficcting 
on the lact, that all deposits of meclianical origin imply the trans- 
portation from some other region, wdiether contiguous or remote, of 
an equal amount of solid matter, we perceive tliat tlie stony exterior 
of tlw planet must always have grown thinner in one place, whenev<*r, 
by accessions of new strata, it was acquiring thickness in another. 
Xo doubt the vacant space left by the missing rocks, after ext<*nsive 
denudation, is less imposing to the imagination than a vast thickness 
of conglomerate or sandstone, or the bodily presence as it were^* a 
mountain-chain, with all its inclined and curved strata. But*he 
denuded tracts speak a clear and emphatic language to our r(‘ason, 
and, like repeated layers of fossil niimmulites, corals or sliells, or 
like numerous scams of coal, each based on its under-clay full of the 
roots of trees, still remaining in their natural position, demand an 
indefinite lapse of time for their elaboration. 

No on<? will maintain that the fossils entombed in these rocks did 
not belong to many successive generations of plants and animals. 
In like manner, each sedimentary deposit attests a slow and gradual 
action, and the strata not only serve as a measure of the amount 
of denudation simultaneously effected elsewhere, but are also a cor- 
rect indication of the rate at which the denuding operation, was 
carried on. 

Perhaps the most convincing evidence of denudation on a mag- 
nificent scale is derived from the levelled surfaces of districts where 
large faults occur. I have shown, in fig. 87. p. 63., and in fig. 91., 
how angular and protruding masses of rock miglit naturally have 
been looked for on the surface immediately above great faults, al- 
though in fact they rarely exist. This phenomenon may be well 
studied in those districts where coal has been extensively worked, for 
there the former relation of the beds which have shifted their position 
may be determined with great accuracy Thus in the coal field of 
Ashby de la Zouch, in Leicestershire (see fig. 91.), a fault occurs, on 
one side of which the coal beds abed rise to the height of 500 feet 
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Faults and denuded coal strata, Ashby de la Zouch. ( Mammatt.) * 


above the corresponding beds on the other side. But the uplifted 
strata do not stand up 500 feet above the general surface ; on tl^e 
contrary, the outline of the country, as expressed by the line *z z, is 
uniformly undulating without any break, and the mass indicated by 
the dotted outline must have been washed away.* There are proofs 
of this kind in some level countries, where dense masses of strata 
have been cleared away from areas several hundred square miles in 
extent. 

In the Newcastle coal district it is ascertained that faults occur in 
which the upward or downward movement could not have been less 
than 140 fathoms, which, had they atiected the configuration of the 
surface to an equal amount, would produce mountains with pre- 
cipitous escarpments nearly 1000 feet high, or chasms of the like 
de})th ; yet is the actual level of the country absolutely uniform, 
affording no trace whatever of subterranean movements. t 

The ground from which these materials have been removed is 
usually overspread with heaps of sand and gravel, formed out of the 
ruins of the very rocks which have di.sappeared. Thus, in the dis- 
tricts above referred to, they consist of rounded and angular frag- 
ments of hard sandstone, limestone, and ironstone, with a small 
quantity of the more destructible shale, and even rounded pieces of 
coal. 

Allusion has been already made to the shattered state and dis- 
cordant position of the carboniferous strata in Coalbrook Dale 
(p. 62.). The collier cannot proceed three or four yards without 
meeting with small slips, and from time to time he encounters faults 
of considerable magnitude, wliich have thrown the rocks up or 
down several hundred feet. Yet the superficial inequalities to Avliieli 
these dislocated masses originally gave rise are no longer discernible, 
and the comparative flatness of the existing surface can only be 
explained, as Mr. Prcstwich has observed, by supposing the frac- 
tured portions to have been renfoved by water. It is also clear that ' 
strata of red sandstone, more than 1000 feet thick, which once 
covered the coaj, in the same region, have been carried awjiy from 
large areas. That water has, in this case, been the denuding agent, 
we may infer from the fact that the rocks have yielded according to 

* See Manunatt’s Geological Facts, f Conybearc’s Report to Brit. Assoc. 
See. p. 90. and plate. 1842, p. 381. 
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their different degrees of hardness; the hard trap of the Wrckin, for 
example, and other hijls, having resisted more tliaii tlie softer shale 
and sandstone, so as now to stand out in bold relief. * 

Origin cf valleys. — Manj of the earlier geologists, and Dr. Iliitton 
among them, taught that ^‘rivers have in general hollowed out their 
valleys.” This is no doubt true of rivulets and torrents which anj 
the feeders of the larger streams, and which, descending over rapid 
slopes, are most subject to temporary increase and diminution in the 
volume of their waters. It must also be admitted that the quantity 
of mud, sand, and pebbles constituting many a modern delta 'is so 
considerable as to prove that a very large part of the inequalities now 
existing on the earth’s surface are due to fluviatilc action ; but 
the principal vall(‘ys* in almost every great hydrographical basin in 
the world, are of a shape and magnitude which imply that they 
liave been due to other causes besides the mere excavating power of 
rivers. r 

Some geologists have imagined that a deluge, or succession of 
deluges, may have been the chief denuding agency, and they have 
speculated on a .'^eries of enormous waves raised by the instantaneous 
upthrow of continents or mountain chains out of the sea. But evem 
were Ave disposed to grant such sudden upheavals of the floor of the 
oe(‘an, and to assume that great Avaves Avould be the eoiisequence of 
i nch convulsion, it is not easy to explain the observed phenomena by 
the aid of so gratuitous an hypothesis. 

Oil the other hand, a machinery of a totally different kind seems 
capable of giving rise to effects of the required magnitude. It has 
noAV bc(*ii ascertained that the rising and sinking of extensive por- 
tions of tlie earth’s crust, Avliether insensibly or by a repetition of 
sudden shocks, is part of the actual course of natur(% and avc may 
easily comprehend how the land may liave been cxjiosed during these 
movements to abrasion by the Avaves of the sea. In the same 
manner as a mountain mass may, in the course of ages, be fornuMl 
by sedimentary deposition, layer after layer, so masses equally 
Aoluminous may in time Avaste away by inches ; as, for example, if 
beds of incoherent materials are raised slowly in an open sea Avhere 
a strong curi*ent prevails. It is Avell known that some of th(*se 
oceanic currents have a breadth of 200 miles, and that they some- 
times run for a thousand miles or more in one direction, retaining a 
considerable velocity even at the depth of several Iiiindred feet. 
Under these circumstances, the flowing Avaters may have power to 
clear away each stratum of incoherent materials as it rises and 
approaches the surface, Avhere the Avaves exert the greatest force ; 
and in this manner a voluminous deposit may be entirely swept 
jiAvay, so that, in the absence of faults, no evidence may remain of 
the denuding operation. It may indeed be affirmed* that the signs of 
Avaste will usually be least obvious where the destruction has been 
most complete ; for the annihilation may have proceeded so far, that 
no ruins are left of the dilapidated rojks. 

* rrebtwich, Gcol. Trims, secuiicl series, vol. v. pp. 452. 473. 
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Although denudation has had a levelling influence on some 
countries of shattered and disturbed strata (see fig. 87. p. 63. and 
fig- V* more commonly been the cause of superficial 

inequalities, especially in regions of horizontal stratification. The 
general outline of these regions is that of fiat and level idatforms, 
interrupted by valleys often of considerable depth, and ramifying 
in various directions. These hollows may once have formed bays 
and channels between islands, and the steepest slope on the sides of 
each valley may have been a sea-cliff, which was undermined for 
ages, as the land emerged gradually from the deep. We may 
suppose the position and course of each valley to have been originally 
determined by differences in the hardness of the rocks, and by rents 
and joints which usually occur even in horizontal strata. In moun- 
tain chains, such as tlie Jura before described (see fig. 71. p. 55.), 
we perceive at once that the principal valleys have not been due to 
aqueous excavation, but to those mechanical movements which have* 
bent the rocks into their present form. Yet even in the Jura there 
are many valleys, such as C (fig. 71-), which have been hollowed out 
by water ; and it may be stated that in every part of the globe the 
unevenness of the surface of the land has been due to the combined 
influence of subterranean movements and denudation. 

I may now recapitulate a few of the conclusions to which we have 
arrived; first, all the mechanical strata have been accumulated 
gradually, and the concomitant denudation has been no less gradual : 
secondly, the dry land consists in great part of strata formed origin- 
ally at the bottom of the sea, and has been made to emerge and 
attain its present height by a force acting from beneath : thirdly, no 
combination of causes has yet been conceived so capable of producing 
extensive and gradual denudation, as the action of the waves and 
currents of the ocean upon land slowly rising out of the deep. 

Now, if we adopt these conclusions, we shall naturally be led to 
look everywhere for marks of the former residence of the sea upon 
the land, especially near the coasts from which the last retreat of the 
waters took place, and it will be found that such signs are not 
wanting. 

I shall have occasion to speak of ancient sea-cliffs, now far inland, 
in the south-east of England, when treating in Chapter XIX. of the 
denudation of the chalk in Surrey, Kent, and Sussex. Lines of 
upraised sea-beaches of more modern date are traced, at various 
levels from 20 to 100 feet and upwards above the present sea-level, 
for great distances on the east and west coasts of Scotland, as well as 
in Devonshire, and other counties in England. These ancient beach-, 
lines often form terraces of sand and gravel, including littoral shells,* 
some broken, others entire, and corresponding with species now 
living on the ifdjoining coast. But it would be unreasonable to 
expect to meet everywhere with the signs of ancient shores, since no 
geologist can have failed to observe how soon all recent marks of the 
kind above alluded to are obscured or entirely effaced, wherever, in 
consequence of the altered state of the tides and currents, the sea has 
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receded for a few centuries. We see the cliffs crumble down in a 
few years if composed of sand or clay, and soon reduced to a gentle 
slope. If there were shells on the beach, they decompose, and their 
materials are washed away, after which the sand and shingle may 
resemble any other alluviums scattered over the interior. 

The features of an ancient shore may sometimes be concealed by 
tlie growth of trees and shrubs, or by a covering of blown sand, a 
good example of which occurs a few miles west from Dax, near 
Bourdcaux, in the south of France. About twelve miles inland, a 
steep bank may be traced running in a direction nearly north-east 
and south-west, or parallel to the contiguous coast. This sudden 
fall of about 50 feet conducts us from the higher platform of the 
Lande? to a lower plain which extends to the sea. The outline of 


Fig. 92. 



Section of inland cliff at Abesse, near Dax. 
a. Sand of the Landes. b. Limestone, c. Clay. 

tho ground suggested tome, as it would do to every geologist, the 
• /pinion that the bank in question was once a sea-cliff‘, 'wlicn the 
•vhole country stood at a lower level. But this is no longer matter 
of cfmjecture, for, in making excavations in 1830 for the foundation 
of a building at Abesse, a quantity of loose sand, which formed tlie 
''lope d e, 'was removed ; and a perpendicular cliff, about 50 feet in 
li(*iglit, 'which had hitherto been protected from the agency of tho 
elements, was exposed. At the bottom appeared tlie limestone 5, 
containing tertiary shells and corals, immediately below it tho clay c, 
and above it the usual tertiary sand «, of the department of the 
Landes. At the base of the precipice were seen lai*ge partially 
rounded masses of rock, evidently detached from the stratum 5. 
The face of the limestone was hollowed out and weathered into such 
I'orrns as are seen in the calcareous cliffs of the adjoining coast, 
especially at Biaritz, near Bayonne. It is evident that, when this 
country stood at a somewhat lower level, tlie sea advanced along the 
surface of the argillaceous stratum which, from its yielding nature, 
favoured the waste by allowing the more solid superincumbont stone 
/> to be readily undermined. Afterwards, when the country luid 
•Vioen elevated, part of the sand, «, fell down, or was drifted by the 
winds, so as to form the talus, de, which masked tho inland cliff until 
it was artificially laid open to view. 

When we are 'considering the various causes whic^, in the course 
of ages, may efface the characters of an ancient sea-coast, earth- 
quakes must not be forgotten. During violent shocks, steep and 
overhanging cliffs are often thrown 'down and become a heap of 
ruins. Sometimes unequal movements of upheaval or depression 



73 


Cii. VI.] INLAND SEA* CLIFFS AND TERRACES. 

entirely destroy that horizontality of the base-line which constitutes 
the chief peculiarity of an ancient sea-cliff. * 

It is, however, in countries where hard limestone rocks abound, 
that inland cliffs retain faithfully the characters which they acquired 
when they constituted the boundary of land and sea. Thus, in the 
l^Iorea, no less than three, or even four, ranges of what were once 
sea-cliffs are well preserved. These have been described, by MM. 
Boblaye and Virlet, as rising one above the other at different dis- 
tances from the actual shore, the summit of the highest and oldest 
occasionally exceeding 1000 feet in elevation. At the base of each 
there is usually a terrace, which is in some places a few yards, in 
others above 300 yards wide, so that we are conducted from the high 
land of the interior to the sea by a succession of great steps. These 
inland cliffs are moat perfect, and most exactly resemble those now 
washed by the waves of the Mediterranean, where they are formed 
of calcareous rock, especially if the rock be a hard crystalline marble. 
The following are the points of correspondence observed betw'een the 
ancient coast lines and the borders of the present sea: — 1. A range 
of vertical precipices, with a terrace at their base. 2. A weathered 
state of the surface of the naked rock, such as the spray of tlie sea 
produces. 3. A line of littoral caverns at the foot of the cliffs. 4. A 
consolidated beach or breccia with occasional marine shells, found at 
the base of the cliffs, or in the caves, 5. Lithodomous perforations. 

In regard to the first of these, it would be superfluous to dwell on 
the evidence afforded of the undermining poAver of waves and currents 
by perpendicular precipices. The littoral caves, also, wdll be familiar 
to those who have had opportunities of observing the manner in 
which the waves of the sea, when they beat against rocks, have 
power to scoop out caverns. As to the breccia, it is composed of 
])ieccs of limestone and rolled fragments of thick solid shell, such as 
Strombus and Spondylus^ all bound together by a crystalline cal- 
careous cement. Similar aggregations are now forming on the 
modern beaches of Greece, and in caverns on the sea-side ; and they 
are only distinguishable in character from those of more ancient 
date, by including many pieces of pottery. In regard to the Htho- 
domi above alluded to, these bivalve niollusks are well known to 
have the power of excavating holes in the hardest limestones, the 
size of the cavity keeping pace with the growth of the shell. When 
living they require to be always covered by salt water, but similar 
pear-shaped hollows, containing the dead shells of these creatures, 
are found at different heights on the face of the inland cliffs above 
mentioned. Thus, for example,, they have been observed near Modon, 
and Navarino on cliffs in the interior 125 feet high above the Medi- 
terranean. As to the weathered surface of the calcareous rocks, all 
limestones are known to suffer chemical decomposition when moistened 
by the spray of the salt water, and are corroded still more deeply at 
points lower down where they are just reached by the breakers. By 
tliis action the stone acquires a wrinkled and furrowed outline, and 
very near the sea it becomes rough and branching, as if covered with 
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corals.. Such effects are traced not only on the present shore, but at 
the base of the aneicnt cliffs far in the interior. Lastly, it remains 
only to speak of the terraces, which extend with a gentle slope from 
the base of almost all the inland cliffs, and are for the most part 
narrow where the rock is hard, but sometimes half a mile or inorcj in 
breadth where it is soft. They ar ^ the effects of the encroachment 
of the ancient sea upon the shore at those levels at which the land 
remained for a long time stationary. The justness of this view is 
apparent on examining the shape of the modern shore wherever the 
sea is advancing upon the land, and removing annually small 
portions of undermined rock. By this agency a submarine platform 
is produced on which we may walk for some distance from the beach 
in shallow water, the increase of depth being very gradual, until we 
reach a point where the bottom plunges down suddenly. This plat- 
form is widened with more or less rapidity according to the hardness 
of the rocks, and when upraised it constitutes an inland terrace. 

But tlic four principal lines of cliff observed in the Morea do not 
imply, as some have imagined, four great eras of sudden upheaval ; 
they simply indicate the intcrmittence of the upheaving force. Had 
the rise of tlie land been continuous and uninterrupted, there would 
have been no one prominent line of cliff'; for every portion of the 
surface having been, in its turn, and for an equal period of time, a 
sea-shore, would have presented a nearly similar aspect. But if 
pauses occur in the process of upheaval, the waves and currents have 
time to sap, throw down, and clear away considerable masses of rock, 
and to shape out at several successive levels lofty ranges of cliffs 
with broad terraces at their base. 

There arc some levelled spaces, however, both ancient and modern, 
in the Morea, which are not due to denudation, although resembling 
ill outline the terraces above di scribed. They may be called Terraces 
of Deposition, since they have resulted from the gain of land upon 
the sea where rivers and torrents have produced deltas. If the sedi- 
mentary matter has filled up a bay or gulf surrounded by steep 
mountains, a ffat plain is formed skirting the inland precipices ; and 
if these deposits are upraised, they form a feature in the landscape 
very similar to the areas of denudation before described. 

1 have seen on the northern coast of Sicily, one of these terraces 
of deposition in the environs of Palermo, where, as in Greece, a line 
of limestone cliff's with caverns at their base bounds a seaward- 
sloping plain. Proceeding from the shore inland, we find the plat- 
form, c*, lig. 93., a mile wide, conipoKed of murine calcareous strata, tlie 
majority of the embedded shells and corals being of living species. 
Wc next arrive at a precipitous cliff* of hippurite limestone, «, in 
which the well-known cave of San Giro, occurs, 130 feet long, 50 
high, and 30 wide. Its entrance is now 180 feet above the sea; but 
the salt water must at one time have entered it, for the walls are 
drilled for a height of several yards by perforating molluscs, and tluj 
bottom of the cave is strewed over with a thin layer of sand, in which 
more than forty species of sca-shells, nearly all of species now living 
in the Mediterranean have been found. Since the sea retired a 
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considerable thickness of breccia has accumulated over the sand so 
as to conceal from view the lithodomous perforations, except in 

tig. 93. 



a. Monte Crifoiie. A. C»vo of San Clro.* 

c. VJaiii of PaleiinOf in winch are Ni*wer Pliiicene ^iraia i>f 
limestone and sand. a. Day of Palermo. 

places where these have been exposed to view by artificial excava- 
tions. The breccia is composed of pieces of limestoini, quartz, and 
schi.st in a matrix of brown marl through which land shells are dis- 
])ersed togctlier witli bones of two species, as we learn from Dr. 
Falconer, of extinct hippopotamus, in such number.s that they mu>t 
have belonged to several hundred individuals. Witli these are asso- 
ciated the remains of Elephas antiquus (as det(*rmined hy the same 
osteologist), and theo.sseous remainsof Bos, Cervus, Sus, Ursus, Cam’.'-, 
and a large Felis. Some of these* bones have been rolled as if partially 
subjected to the action of water, and tlie whole seem to have been in- 
troduced (perhaps by engulfed streams) both in this and some neigh- 
bouring caverns through rents in the hippurite limestone, which must 
once have been connected with the surface of the country above, at 
a time Avhen the physical geography of the region Avas extremely 
different from what it now is, and when rivers frequented by the 
lii])popotanius existed where iioav no running water is to be found. 

Besides terraces of deposition such as c, fig. 93., above alluded to, 
there are also in Sicily others of denudation. One of these occurs on 
the east coast to the north of Syracuse, and the same is resumed to 
the south beyond the town of Noto, Avhere it may be traced forming a 
continuous and lofty precipice, a b, fig. 94., facing towards the sea, 
and constituting the abrupt termination of a calcareous formation, 
Avhich extends in horizontal strata i\\r inland. This precipice varies 
in height from 500 to 700 feet, and between its base and the sea is an 
inferior platform, c 5, consisting of similar Avhite limestone. All tlu* 
beds dip towards the sea, but are usually inclined at a very slight 
angle : they are seen to extend uninterruptedly from the base of the 
escarpment into the platform^ showing distinctly that the lofty 
cliff was not produced by a fault or vertical shift of the beds, but 
by the removal of a considerable mass of rock. Hence Ave may 
conclude that the sea, which is now undermining the cliffs of the 
Sicilian coast, reached at some former period the base of the pre- 
cipice a by at which time the surface of the terrace c b must have 


♦ Dr. Christie, *Edin. New. Phil. Jouru. 
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been covered by the ^fed itcrrnncfin. Tliere was a pause, t]ic*ref(U*e, 
it? the upward inovenicnt, when the waves of the sea had time to 
carve out the platform but there may have been many otlior 
stationary periods of minor duration. Suppose, for example, that a 
series of escarpments e, f, h, once existed, and that the sea, durin^j 
a louij interval free from subterranean movement ^ advances alon-^ 
the line c b, all preceding cliffs must have been swept away one after 
the other, and reduced to the single precipice a Ik 

That such a series of smaller cliffs, as those represented ate, /J g^ //, 
fig. 94., did really once exist at intermediate heights in place of the 
single precipice a b, is rendered highly probable by the fact, that in 
certain bays and inland valleys opening towards the east coast of 
Sicily, and not far from the section given in fig. 94., the solid lime- 
stone is shaped out into a great succession of ledges, separated from 
each other by small vertical cliffs. These are sometimes so iiume- 



Vatlcy called Gozzodegli Martiri, below Mclilli, Val di Noto. 


rous, one above the other, that where there is a bend at the head of a 
valley, they produce an effect singularly resembling the seats of a 
Roman amphitheatre. A good example of this configuration occurs 
near the town of Melilli, as seen in the annexed view (fig. 95.). In 
the south of the island, near Spaccaforno Scicli, and Modica, preei- 
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pitous rocks of white limestone, ascending to the height of 500 feet, 
have been carved out into similar forms. 

This appearance of a range of marble seats circling round the 
head of a valley, or of great flights of steps descending from the top 
to the bottom, on the opposite sides of a gorge, may be accounted for, 
as already hinted, by supposing the sea to have stood successively at 
many different levels, as at a a, 5 5, c c, in the accompanying fig. 96. 
But the causes of the gradual contraction of the valley from above 
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downwards may still be matter of speculation. Such contraction 
may be due to the greater force exerted by the waves when the land 
at its first emergence was smaller in quantity, and more exposed to 
denudation in an open sea ; whereas the wear and tear of the rocks 
might diminish in proportion as this action became confined within 
bays or channels closed in on two or three sides. Or, secondly, the 
separate movements of elevation may have followed each other more 
rapidly as the land continued to rise, so that the times of those pauses, 
during which the greatest denudation was accomplished at certain 
levels, were always growing shorter. It should be remarked, tliat 
the cliffs and small terraces are rarely found on the opposite sides of 
the Sicilian valleys at heights so precisely answering to each other as 
those given in fig. 96., and this might have been expected, to which- 
ever of the two hypotheses above explained we incline ; for, accord- 
ing to the direction of the prevailing winds and currents, the waves 
may beat with unequal force on different parts of the shore, so that 
while no impression is made on one side of a bay, the sea may en- 
croach so far on the other as to unite several smaller cliffs into one. 

Before quitting the subject of ancient sea-cliffs, carved out of 
limestone, I shall mention the range of precipitous rocks, composed 
of a white marble of the Oolitic period, which I have seen near the 
northern gate of St. Mihicl in France. They are situated on the 
right bank of the Meuse, at a distance of 200 miles from the nearest 
sea, and they present on the precipice facing the river three or four 
horizontal grooves, ©ne above fhe other, precisely resembling those * 
which are scooped out by the undermining waves. The summits of 
several of these masses are detached from the adjoining hill, in 
which case the grooves pass all round them, facing towards all points 
of the compass, as if they had once formed rocky islets near the 
shore.'* 

» 

• I was directed by M. Beshayes to this spot, which I visited in June, ISSa 
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Captain BayfieUl, in Ilia survey of tlie Gulf of St. Lawrence, dis- 
covered in several places, especially in the Mingan islands, a coun- 
terpart of the inland clitfs of St. ^lihiel, and traced a succession of 
shingle beaches, one above the other, which agreed in their level 
with some of the principal grooves scooped out of the limestone 
})illars. These beaches consisted of csilcarcous shingle, with shells of 
I'ccent species, the farthest from the shore being (iO feet above t])e 
level of the highest tides. In addition to the drawings of the pillars 
called the flow er-pots, which he has published*, 1 have been favoured 
with other views of rocks on the same coast, drawn by Lieut. A. 
Bowen, K.N. (^See fig. 97.) 

• Fig. 97. 
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by Capt. Nolson, R.E., the excavations c, c, c, have been scooped out 
by the waves in a stone of very modern date, which, altliough ex- 
treriKily liard, is full of recent corals and shells, some of which retain 
their colour. 

When the forms of these horizontal grooves, of wliich the surface 
is sometimes smooth and almost polished, and the roofs of which 
often overhang to the extent of 5 feet or more, have been care- 
fully studied by geologists, tl^i^y will serve to testify the former 
action of the waves at innumerable points far in the interior of the 
continents. But we must learn to distinguish tlic indentations due 
to the original action of tlic sea, and those caused by subsequent 
tdieinical d(‘composition of calcareous rocks, 40 which they are liable 
in the atmosphere. 

I shall conclude with a warning to beginners not to feel surprise 
if they can detect no evidence of the former sojourn of the sea on 
lands which wc are nevertheless sure have been submerged at peudods 
comparatively modern ; for notwithstanding the enduring nature of 
tlie marks loft by littoral action on calcareous rocks, we can by no 
means detect sea-beaches and inland cliffs everywhere, even in Sicily 
and the ]\Iorea. On the contrary, they are, upon the wliolc, ex- 
tnmudv partial, and are often entindy wanting in districts composed 
Ilf argillaceous and sandy formations, which must, nevertheless have 
b(H*n upheaved at the same time, and by the same intermittent move- 
ments, as the adjoining calcareous rocks. 


CHAP rER VII. 

AI.I.rVlUM. 

Alhi\iiim doscrihed — T)iio to .iifd vuusi* — (K various a.:'’?. Jis in 

AuM r.:iu* - -How di^twi^ui-ln'd lr«*m r«n.k> iti *.•;« - S.md \\\ vh-A — Ai- 

lioi.il li-rraccs ranged h\ osnllaiio..** in ihi* k-M’l iM land. 

Bkiwi kn' the stipt'rfieial eovoring vi getalde mould and the sub- 
jacent nu'k tluTi* U'iiially inti rM iics in e\ery di-'trii't a d» ]v»sit t>f 
loo-e gravel, sand, and mnd, to wbieh tlje name of alluvium 
been applii*d. The ttnin is derived from oWi/rio, an inundation, or 
alfti(K to vva-sh, beeau'^o the pi bides and sand commonly n 'Kemble 
tho-e of a river’s bed i»r the mud ami gjavel vva>iK*d over low lands 
hy a flood. 

A partial covering of snob tUluvitim is found alike in ail elimate<v,. 
from the eipaatorial to tlo' polar regions; \n;t in the hij^hi v latiwule** 
of Europe iind North .Vmeri a it assume’, a di>tinrt c\mvnct»T. 
verv tnunently devoid of striuidcati m. and oontainiui \uv;o (ra^- 
niefits i f roek, souh' .angiilar and «dber'* roumb^il, wbieU Ivern 

tran-poi ffd to gr» til diH(siii<''t's from f h* ir pan nt tio untiiins, Win >• 
if /ue^enfs in form, t# has t*#*<*#i e,»#i/rd " fhiuintm/* i/riff. ^ 
or (he “ buuUlvr iormiition ; *’ miti its probublv conneA/oii ir/i/i tbu 
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agency of floating ice and glaciers will be treated of more particularly 
in the eleventh and twelfth chapters. 

The student will be prepared, by what I have said in the last 
chapter on denudation, to hear that loose gravel and sand are often 
met with, not only on the low grounds bordering rivers, but also at 
various points on the sides or even summits of mountains. For, in 
the course of those changes in physical geography which may take 
place during the gradual emergence pf the bottom of the sea and its 
conversion into dry land, any spot may either have been a sunken 
reef, or a bay, or estuary, or sea-shore, or the bed of a river. The 
drainage, moreover, may have been deranged again and again by 
earthquakes, during wjiich temporary lakes are caused by landslips, 
and partial deluges occasioned by the bursting of the barriers of such 
lakes. For this reason it would be unreasonable to hope that we 
should ever be able to account for all the alluvial phenomena of each 
particular country, seeing that the causes of their origin are so various. 
Besides, the last operations of water have a tendency to disturb and 
confound together all pre-existing alluviums. Hence we are always 
in danger of regarding as the \vork of a single era, and the eifeet of 
one cause, what has in reality been the result of a variety of distinct 
agents, during a long succession of geological epochs. Much useful 
instruction may tlierefore be gained from the exploration of a country 
like Auv(‘rgrie, wliere the superficial gravel of very diflerent eras 
happens to have been preserved hy sheets of lava, wliicli were 
poured out one after the other at periods when the denudation, and 
probably tlie upheaval, of rocks were in progress. TJiat region liad 
already acquired in some degree its present configuration before anv' 
volcanoes were in activity, and before any igneous matter was .super- 
imposed upon the granitic and fossiliferous formations. The pebbles 
therefore in tlic older gravels are exclusively constituted of granite 
and other aboriginal rocks; and afterwards, when volcanic vents 
burst forth into eruption, those earlier alluviums were covered by 

Fig. 99. 



Lavas of Auvergne resting on alluviums of dlflTerent ages. 


streams of lava, which protected them from intermixture with grave 
of subsequent date. In the course of ages, a new system of valleys 
was excavated, so that the rivers ran at lower levels than those at 
which the first alluviums and sheets of lava were formed. When, 
therefore, fresh eruptions gave rise to new lava, the melted matter 
was poured out over lower grounds ; and the gravel of these plains 
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differed from the first or upland alluvium^ by containing in it rounded 
fragments of various volcanic rocks, and often bones belonging to 
distinct groups of land animals which fiourished in the country in 
succession. 

The annexed drawing will explain the different heights at which 
beds of lava and gravel, each distinct from the other in composition 
and age, are observed, some on the flat tops of hills, 700 or 800 feet 
high, others on the slope of the A^me hills, and the newest of all in 
the channel of the existing river where there is usually gravel alone, 
but in some cases a narrow strifio of solid lava sharing the bottom of 
the valley with the river. In all these accumulations of transported 
matter of different ages the bones of extinct mammalia have been 
found belonging to assemblages of land quadrupeds, which flouaished 
in the country in succession, and which vary specifically, the one set 
from the other, in a greater or less degree, in proportion as the time 
which separated their entombment has been more or less protracted. 
The streams in the same district are still undermining their banks and 
grinding down into pebbles or sand, columns of basalt and frag- 
ments of granite and gneiss ; but portions of the older alluviums, with 
tlie fossil remains belonging to them, are prevented from being mingled 
with the gravel of recent date by the cappings of lava before mentioned. 
But for the accidental interference, therefore, of this peculiar cause, 
all the alluviums might have passed so insensibly the one into the 
other, that those formed at the remotest era might have appeared 
of the same date as the newest, and the whole formation might have 
been regarded by some geologists as the result of one sudden and 
violent catastrophe. 

In almost every country, the alluvium consists in its upper part of 
transported materials, but it often passes downwards into a mass of 
broken and angular fragments derived from the subjacent rock. To 
this mass the provincial name of “ rubble,” or “ brash,” is given in 
many parts of Piiigland. It may be referred to the weathering or 
disintegration of stone on the spot, the effects of air and water, sun 
and frost, and chemical decomposition. 

The inferior surface of alluvial deposits is often very irregular, 
conforming to all the inequalities of the fundamental rocks (fig. 100.). 

Fig. 100. Occasionally, a small mass, as at c, 

appears detached, and as if included in 
the subjacent formation. Such isolated 
portions are usually sections of winding 
subterranean hollows filled up with allu- 
vium. They may have been the courses 
of springs or subterranean streamlets, 
which have'flowed through and enlarged 
natural rents ; or, when on a small scale 
and in soft strata, they may be spaces 
a. Vegetable son. A. Aiiufium. which the TOOts of large trees have once 
c.Ma..of«me..pp.re..ti,d«ached. occupied, gravel and Band having been 
introduced after their decay. 
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But there are other deep hollows of a cylindrical form found in 
England, France, and elsewhere, penetrating the white chalk, and 
filled with sand and gravel, which are not so readily explained. 
They are sometimes called “ sand-pipes,’’ or “ sand-galls,” and “ puits 
naturels,” in France. Those represented in the annexed cut were 

Fig. 101. 



observed by me in 1839, laid open in a large chalk -pit near Norwich. 
They were of very symmetrical form, the largest more than 12 feet 
in diameter, and some of them had been traced, by boring, to the 
depth of more than 60 feet. The smaller ones varied from a few 
inches to a foot in diameter, and seldom descended more than 12 feet 
below the surface. Even where three of them occurred, as at a, 
fig. 101., very close together, the parting walls of soft white chalk 
were not broken through. They all taper downwards and end in a 
point. As a general rule, sand and pebbles occupy the central parts 
f)f each pipe, while the sides and bottom are lined witli clay. 

Mr, Trimmer, in speaking of appearances of the same kind in the 
Kentish chalk, attributes the origin of such “ sand-galls ” to tho. 
action of the sea on a beach or shoal, where the waves, charged 
with shingle and sand, not only wear out longitudinal furrows, such 
as may be observed on the surface of tlie above-mentioned chalk near 
Norwich when the incumbent gravel is removed, but also drill deep 
circular hollows by the rotatory motion imparted to sand and pebbles. 
Such furrows, as well as vertical cavities, are now formed, he observes, 
on the coast where the shores arc composed of chalk.* 

Tliat the commencement of many of the tubular cavities now under 
consideration has been due to the cause here assigned, I have little 
doubt. But such mechanical action could not have hollowed out the 
whole of the sand-pipes c and d, fig. 101., because several large chalk 
flints seen protruding from the walls of the pipes have not been 
eroded, while sand and gravel have penetrated many feet below them. 
In other cases, as at 6 6, similar unrounded nodules of flint, still 
preserving their irregular form and wliite coating, are found at 

♦ Trimmer, Proceedings of Gcol. Soc. vol. iv. p. 7. 1842. 
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various depths in the midst of the loose materials filling the pipe. 
These have evidently been detached from regular layers of fiints oc- 
curring above. It;^s,alsQ tf> be remarked that the course of the same 
sand-pipe, h i, is traceable above the level of the chalk for some 
distance upwards, throi^"^ the incumbent gravel and sand, by the 
obliteration of all signs of stratification. Occasionally, also, as in 
the pipe the overlying beds of gravel bend downwards into the 
mouth of the pipe, so as to become in part vertical, as would happen 
if horizontal layers had sunk gradually in consequence of a failure of 
support. All these phenomena may be accounted for by attributing 
the enlargement and dee[)ening of the sand-pipes to the chemical 
action of water charged with carbonic acid, derived from the vegetable 
soil and the decaying roots of trees. Such acid might corrode tlie 
chalk, and deepen indefinitely any previously existing hollow, but 
could not dissolve the flints. The water, after it had become saturated 
with carbonate of lime, might freely percolate the surrounding porous 
walls of chalk, and escape through them and from the bottom of the 
tube, so as to earry away in the course of time large masses of 
dissolved calcareous rock*, and leave behind it on the edges of each 
tubular hollow a coating of fine clay, which the white chalk contains. 

I have seen tubes precisely similar and from 1 to 5 feet in diameter 
traversing vertically the upper half of the soft calcareous building 
stone, or chalk without fiints, constituting St. Peter's Mount, Maes- 
tricht. These hollows are filled with pebbles and clay, derived from 
overlying beds of gravel, and all terminate downwards like those 
of Norfolk. I was informed that, 6 miles from Maestricht, one of 
these pipes, 2 feet in diameter, was traced downwards to a bed of 
flattened flints, forming an almost continuous layer in the chalk. 
Here it terminated abruptly, but a few small root-like prolongations 
of it were detected immediately below, probably where the dissolving 
substance had penetrated at some points through openings in the 
siliceous mass. 

It is not so easy as may at first appear to draw a clear line of 
distinction between the fixed rocks, or regular strata (rocks in sitn 
or in place\ and alluvium. If the bed of a torrent or river be dried 
up, we call the gravel, sand, and mud, left in their channels, or 
whatever, during floods, they may have scattered over the neighbour- 
ing plains, alluvium. The very same materials carried into a lake, 
where they become sorted by water and arranged in more distinct 
layers, especially if.they inclose the remains of plants, shells, or other 
fossils, are termed regular strata. 

In like manner we may sometimes compare the gravel, sand, and ^ 
broken shells, strewed along the path of a rapid marine current, with 
a deposit formed contemporaneously by the discharge of similar ma- 
terials year after year, into a deeper and more tranquil part of the 
sea. In such cases, when we detect* marine shells or other organic 
remains entombed in the strata which enable us to determine their 

* See Lydl on Sand-pipes, &c.,PliifMag., third scries, voL xv. p. 257., Oct. 1839. 

a a 



ALLUVIUH. 


84 


[Ch. VII. 


age and mode of origin, we regard them as part of the regular series 
of fossiliferous formations, whereas, if there are no fossils, we have 
frequently no power of separating them from the general mass of 
superficial alluvium. 

The usual rarity of organic remains in beds of loose gravel is partly 
owing to the friction which originally ground down rocks into pebbles, 
or sand, and organic bodies into small fragments, and it is partly owing 
to the porous nature of alluvium when it has emerged, which allows 
the free percolation through it of rain-water, and promotes the de- 
composition and solution of fossil remains. 

It has long been a matter of common observation that most rivers 
are now cutting their channels through alluvial deposits of greater 
depth and extent than could ^ver have been formed by the present 
streams. From this fiict a rash inference has sometimes been drawn, 
that rivers in general have grown smaller, or become less liable to be 
flooded than formerly. But such phenomena would be a natural result 
of considerable oscillations in the level of the land experienced since 
tlie existing valleys originated. 

Suppose part of a continent, comprising within it a large hydro- 
graphical basin like that of the Mississippi, to subside several inches 
or feet in a century, as the west coast of Greenland, extending 600 
miles north and south, has been sinking for three or four centuries, 
between the latitudes 60° and 69° N. * It will rarely happen that 
the rate of subsidence will be everywhere equal, and in many cases 
the amount of depression in the interior will regularly exceed that of 
the region nearer the sea. Whenever this happens, the fall of the 
waters flowing from the upland country will be diminished, and eacli 
tributary stream will have Igss power to carry its sand and sediment 
into the main river, and the main river less power to convey its 
annual burden of transported matter to the sea. All the rivers, there- 
fore, will proceed to fill up partially their ancient channels, and, 
during frequent inundations, will raise their alluvial plains by new 
deposits. If then the same area of land be again upheaved to its 
former height, the fall, and consequently the velocity, of every river 
will begin to augment. Each of them will be less given to overflow 
its alluvial plain ; and their power of carrying earthy matter sea- 
ward, and of scouring out and deepening their channels, will bo 
sustained till, after a lapse of many thousand years, each of them 
has eroded a new channel or valley through a fluviatile formation 
of comparatively modern date. The surface of what was once the 
river-plain at the period of greatest depression, will then remain fring- 
ing the valley-sides in the form of a. terrace apparently flat, but in 
reality sloping down, with the general inclination of the river. Every- 
where this terrace will present clifls of gravel and sand, facing the 
river. That such a series of movements has actually taken place in the, 
main valley of the Mississippi and in its tributary valleys during oscil- 
lations of level, 1 have endeavoured to show in my description of that 

• 

• Principles of Geology, ?th ed. p. 506., 8th cd. p. 509. 
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country* ; and the freshwater shells of existing species and bones of 
land quadrupeds, partly of extinct races, preserved in the terraces of 
fiuviatilc origin, attest the exclusion of the sea during the whole 
l)rocess of tilling up and partial re-excavation. 

Such terraces are the converse ot those mentioned at p. 80., fig. 99., 
where the uppermost of the series is formed of alluvium of oldest 
date, which originated long before the valloy had attained its actual 
width and depth. 


* Second Visit to the U. S. voL ii. chap. 34. 
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CHAPTER VIIL 

CHRONOLOGICAL CLASSIFICATION OF ROCKS. 

Aqueous, plutoiiic, volcanic, and metamofphic rocks, considered chronologically — 
Lehman’s division into primitive and secondaiy — Werner’s addition of a tran- 
sition class — Neptunian theory — Hutton on igneous origin of granite — How 
the name of primary was still retained for granite — The term “ transition,” why 

faulty The adherence to the old chronological nomenclature retarded the 

. progress of geology — Now hypothesis invented to reconcile the igneous origin 
of granite to the notion of its high antiquity — Explanation of the chronological 
nomenclature adopted in this work, so far as regards primary, secondary, and 
tertiary periods. 

Tn the first chapter it was stated that the four great classes of rocks, 
the aqueous, the volcanic, the plutonic, and the metamorphic, would 
each be considered not only in reference to their mineral characters, 
and mode of origin, but also to their relative age. In regard to the 
aqueous rocks, we have already seen that they are stratified, that 
some are calcareous, others argillaceous or siliceous, some made up 
of sand, others of pebbles ; that some contain freshwater, others 
marine fossils, and so forth ; but the student has still to learn which 
rocks, exliibiting some or all of these characters, have originated at 
one period of the earth’s history, and which at another. 

To determine this point in reference to the fossiliferous formations 
is more easy than in any otjjjer class, and it is therefore the most con- 
venient and natural method to begin by establishing a chronology for 
these strata, and then to refer as far as possible to the same divisions, 
the several groups of plutonic, volcanic, and metamorphic rocks. 
Such a system of classification is not only recommended by its greater 
clearness and facility of application, but is also best fitted to striker 
the imagination by bringing into one view the contemporaneous revo- 
lutions of the inorganic and organic creations of former times. For 
the sedimentary formations are most readily distinguished by the 
different species of fossil animals and plants which they inclose^ 
and of which one assemblage after another has flourished and then 
disappeared from the earth in succession. 

But before entering specially on the subdivisions of the aqueous 
rocks arranged according to the order of time, it will’ be desirable to 
say a few words on the chronology, of rocks in general, although in 
doing so we Bhall be unavoidably led to allude to some classes of 
phenomena which the beginner must not yet expect fully to com- 
prehend. 

It was for many years a received opinion that the formation of 
entire families of rocks, such as the plutonic and those crystalline 
schists spoken of in the first chapter as metamorphic, began and 
ended before any members of the aqueous and volcanic orders were 
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produced; and although this idea has long been modified, and is 
nearly exploded, it will be necessary to gi¥e some account of the 
ancient doctrine, in order that beginners may understand whence 
many prevailing opinions, and some part of the nomenclature of 
geology, still partially in use, was derived. 

About the middle of the last century, Lehman, a German miner, 
proposed to divide rocks into three classes, the first and oldest to be 
called primitive, comprising the liypogene, or plutonic and metamor- 
phic rocks; the next to be termed secondary, comprehending the 
aqueous or fossiliferous strata; and the remainder, or third class, 
corresponding to our alluvium, ancient and modern, which he referred 
to local floods, and the deluge of Noah.” In the primitive class, he 
said, such as granite and gneiss, there are no organic remains, nor 
any signs of materials derived from the ruins of pre-existing rocks. 
Their origin, therefore, may have been purely chemical, antecedent 
to the creation of living beings, and probably coeval with the birth of 
the world itself. The secondary formations, on the contrary, which 
often contain sand, pebbles, and organic remains, must have been 
mechanical deposits, produced after the planet had become the habi- 
tation of animals and plants. This bold generalization, although an- 
ticipated in some measure by Steno, a century before, in Italy, 
formed at the time an important step in the progress of geology, and 
sketched out correctly some of the leading divisions into which rocks 
may be separated. About half a century later, Werner, so justly 
celebrated for his improved methods of discriminating the mineralo- 
gical characters of rocks, attempted to improve Lehman’s classification, 
and with this view intercalated a class, called by him “ the transition 
formations,” between the primitive and secondary. Between these 
last he had discovered, in northern Germany, a series of strata, 
which in their mineral peculiarities were of an intermediate character, 
partaking in some degree of the crystalline nature of micaceous schist 
and clay-slate, and yet exhibiting here and there signs of a mechani- 
cal origin and organic remains. For this group, therefore, forming a 
passage between Lehman’s primitive and secondary rocks, the name 
of iibergang or transition was proposed. They consisted principally 
of clay-slate and an argillaceous sandstone, called grauwackc, and 
partly of tsalcareous beds. It happened in the district which Werner 
first investigated, that both the primitive and transition strata were 
highly inclined, while the beds of the newer fossiliferous. rocks, the 
secondary of Lehman, were horizontal. To these latter, therefore, 
he gave the name of JldtZy or “ a level floor;” and every deposit more 
modern than the chalk, which classed as the uppermost of the . 
flotz series, was designated “the overflowed land,” an expression which 
may be regarded as equivalent to alluvium, although under this appel- 
lation were confounded all the strata afterwards called tertiary, of 
which Werner had scarcely any knowledge. As the followers of 
Werner soon discovered that the inclined position of the “transition 
beds,” and the horizontality of the flotz, or newer fossiliferous strata, 
were mere local accidents, they soon abandoned the term flotz ; and 
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thQ four divisions of the Wernerian school were then named primitive, 
attransition, secondary, and alluviah 

As to the trappean rocks, although their igneous origin had been 
already demonstrated by Arduino, Fortis, Faujas, and others, and 
especially by Dosmarest, they were all regarded by Werner as aqueous, 
and as mere subordinate members of the secondary series.^ 

This theory of WerneFs was called the Neptunian," and for many 
'yCMB enjoyed much popularity. It assumed that the globe had been 
at first invested by an universal chaotic ocean, holding the materials 
of all rocks in solution. From the waters of this ocean, granite, 
gneiss, and other crystalline formations, were first precipitated ; and 
afterwards, when the waters were purged of these ingredients, and 
more jtiearly resembled those of our actual seas, the transition strata 
were deposited. These were of a mixed character, not purely che- 
mical, because the waves and currents had already begun to wear 
down solid land, and to give rise to pebbles, sand, and mud ; nor en- 
tirely without fossils, because a few of the first marine animals had 
begun to exist. After this period, the secondary formations were 
accumulated in waters resembling those of the present ocean, except 
at certain intervals, when, from causes wholly unexplained, a partial 
recurrence of the “chaotic fluid” took place, during which various 
trap rocks, some highly crystalline, were formed. This arbitrary 
hypothesis rejected all intervention of igneous agency, volcanos being 
regarded as modern, partial, and superficial accidents, of trifling 
account among the great causes which have modified the external 
structure of the globe. 

Meanwhile Hutton, a contemporary of Werner, began to teach, in 
Scotland, that granite as well as trap was of igneous origin, and had 
at various periods intruded itself in a fluid state into different parts of 
the earth’s crust. He recognized and faithfully described many of the 
phenomena of granitic veins, and the alterations produced by them 
on the invaded strata, which will be treated of in the thirty-third 
chapter. He, moreover, advanced the opinion, that the crystalline 
strata called primitive had not been precipitated from a primaeval 
ocean, but were sedimentary strata altered by heat. In his writings, 
therefore, and in those of his illustrator, Playfair, we find the germ 
of that metamorphic theory which has been already hinted*at in the 
first chapter, and which will be more fully expounded in the thirty- 
fourth and thirty-fifth chapters. 

At length, after much controversy, the doctrine of the igneous 
origin of trap and granite made its way into general favour; but 
although it was, in consequence, admitted that both granite and trap 
had been produced at many successive periods, the term primitive or 
primary still continued to be applied to the crystalline formations 
in general, whether stratified, like gneiss, or unstratilied, like granite. 
The pupil was told that granite was a primary rock, but that some 
granites were newer than certain secondary formations ; and in con- 

• 

* See Firinciples of Geology, vol. i. chap. iv. 
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formity with the spirit of the ancient language? to which the teacher 
was still determined to adhere, a desire was naturally engendered of 
extenuating the importance of those more modern granites, the true 
dates of which new observations were continuaUy bringing to light. 

A no less decided incUnation was shown to persist in the use of 
the term ‘‘transition,” after it had been proved to be almost as 
faulty in its original application as that of flotz. The name of 
transition, as already stated, was first given by Werner, to designate 
a mineral character, intermediate between the highly crystalline or 
metamorphic state and that of an ordinary fossiliferous rock. But 
the term acquired also from the first a chronological import, because 
it had been appropriated to sedimentary formations, which, in the 
Hartz and other parts of Germany, were more ancient thai) the 
oldest of the secondary series, and were characterized by peculiar 
fossil zoophytes and shells. When, therefore, geologists found in 
other districts stratified rocks occupying the same position, and 
inclosing similar fossils, they gave to them also the name of fran- 
sition^ according to rules which will be explained in the next 
chapter ; yet, in many cases, such rocks were found not to exhibit 
the same mineral texture which Werner had called transition. * On 
the contrary, many of them were not more crystalline than different 
members of the secondary class; while, on the other hand, these 
last were sometimes found to assume a semi-crystalline and almost 
metamorphic aspect, and thus, on lithological grounds, to deserve 
equally the name of transition. So remarkably was this the case in 
the Swiss Alps, that certain rocks, which had for years been regarded 
by some of the most skilful disciples of Werner to be transition, were 
at last acknowledged, when their relative position and fossils were 
better understood, to belong to the newest of the secondary groups ; 
nay, some of them have actually been discovered to be members of 
the loWer tertiary series ! If, under such circumstances, the name of 
transition was retained, it is clear that it ought to have been applied 
without reference to the age of strata, and simpljas expressive of a 
mineral peculiarity. The continued appropriation of the term to 
formations of a given date, induced geologists to go on believing that 
the ancient strata so designated bore a less resemblance to the 
secondary than is really the case, and to imagine that these last never 
pass, as they frequently do, into metamorphic rocks. 

The poet Waller, when lamenting over the antiquated style of 
Chaucer, complains that — 

We write in san^ our language grows. 

And, like the tide, our work o’erflowa. 

But the reverse Is true in geology ; for here it is our work which 
continually outgrows the language. The tide of observation advances 
with such speed that improvements in theory outrun the changes of 
nomenclature; and the attempj^ to inculcate new truths by words 
invented to express a different or opposite opinion, tends constantly. 
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by the force of assdhiation, to perpetuate error; so that dogmas 
renounced by the reason still retain a strong hold upon the imagi- 
nation. 

In order to reconcile the old chronological views with the new 
doctrine of the igneous origin of granite, the following hypothesis 
was substituted for that of the Neptunists. Instead of beginning 
with an aqueous menstruum or chadtic fluid, the materials of the 
present crust of the earth were supposed to have been at first in a 
state of igneous fusion, until part of the heat having been diffused 
into surrounding space, the surface of the fluid consolidated, and 
formed a crust of granite. This covering of crystalline stone, which 
afterwards grew thicker and thicker as it cooled, was so hot, at first, 
that no water could exist upon it ; but as the refrigeration pro- 
ceeded, the aqueous vapour in the atmosphere was condensed, and, 
falling in rain, gave rise to the first thermal ocean. So high was the 
temperature <of this boiling sea, that no aquatic beings could inhabit 
its waters, and its deposits were not only devoid of fossils, but., like 
those of some hot springs, were highly crystalline. Henco the 
origin of the primary or crystalline strata, — gneiss, mica-schist, and 
the rest. 

Afterwards, when the granitic crust had been partially broken up, 
land and mountains began to rise above the waters, and rains and 
torrents to grind down rock, so that sediment was spread over the 
bottom of the seas. Yet the heat still remaining in the solid 
supporting substances was sufficient to increase the chemical action 
exerted by the water, although not so ’intense as to prevent the intro-' 
duction and, increase of some living beings. During this state of 
things some of the residuary mineral ingredients of the primaeval 
ocean were precipitated, and formed deposits (the transition strata 
of Werner), half chemical and half mechanical, and containing a few 
fossils. t 

By this new theory, which was in part a revival of the doctrine of 
Leibnitz, published in 1680, on the igneous origin of the planet, the 
old ideas respecting the priority of all crystalline rocks to the creation 
of organic beings, were still preserved ; and the mistaken notion that 
all the semi-crystalline and partially fossiliferous rocks belonged to 
one period, while all the earthy and uncrystalline formations origin- 
ated at a subsequent epoch, was also perpetuated. 

It may or may not be true, as the great Leibnitz imagined, that 
the whole planet was once in a state of liquefaction by heat ; but 
there are certainly no geological proofs that the granite which con- 
stitutes the foundation of so much of the earth’s crust was ever at once 
in a state of universal fusion. On the contrary, all our evidence 
tends to show that the formation of granite, like the deposition of 
the stratified rocks, has been successive, and that different portions of 
granite have been in a melted state at distinct and often distant 
periods. One mass was solid, and had been fractured, before another 
body of granitic matter was injected into it, or through it, in the form 
of veins. Some granites are more ancient than any known fossiliferous 
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rocks ; others are of secondary ; and some, inch as that of Mont 
Blanc and part of the central axis of the Alps, of tertiary origin. In 
short, the universal fluidity of the crystalline foundations of the 
earth’s crust, can only be understood in the same sense as the uni- 
versality of the ancient ocean. All the land has been under water, 
but not all at one time ; so all the subterranean unstratifled rocks to 
which man can obtain access have been melted, but not simulta- 
neously. 

In the present work the four great classes of rocks, the aqueous, 
plutonic, volcanic, and metamorphic, will form four parallel, or 
nearly parallel, columns in one chronological table. They will be 
considered as four sets of monuments relating to four contempo- 
raneous, or nearly contemporaneous, series of events. I sha^l en«> 
deavour, in a subsequent chapter on the plutonic rocks, to explain 
the manner in which certain masses belonging to each of the four 
classes of rocks may have originated simultaneously at •every geolo- 
gical period, and how the earth’s crust may have been continually 
remodelled, above and below, by aqueous and igneous causes, from 
times indefinitely remote. In the same manner as aqueous and 
fossiliferous strata are now formed in certain seas or lakes, while in 
other places volcanic rocks break out at the surface, and are con- 
nected with reservoirs of melted matter at vast depths in the bowels 
of the earth, — so, at every era of the past, fossiliferous deposits and 
superficial igneous rocks were in progress contemporaneously with 
others of subterranean and plutonic origin, and some sedimentary 
strata were exposed to heat, and made to assume a crystalline or 
metamorphic structure. # 

It can by no means be taken for granted, that during all these 
changes the solid crust of the earth has been increasing in thickness. 
It has been shown, that so far as aqueous action is concerned, the 
gain by fresh deposits, and the loss by denudation, must at each 
period have been equal (see above, p. 68.); and in like manner, in 
the inferior portion of the earth’s crust, the acquisition of new crys- 
talline rocks, at each successive era, may merely have counter- 
balanced the loss sustained by the melting of materials previously 
consolidated. As to the relative antiquity of the crystalline found- 
ations of the earth’s crust, when compared to the fossiliferous and 
volcanic rocks which they support, I have already stated, in the first 
chapter, that to pronounce an opinion on this matter is as difiicult as 
at once to decide which of the two, whether the foundations or super- 
structure of an ancient city built on wooden piles, may be the oldest. 
We have eeen that, to answer this question, we must first be prepared 
to say whether the work of decay and restoration had gone on most 
rapidly above or below ; whether the average duration of the piles has 
exceeded that of the stone buildings, or the contrary. So also in 
regard to the relative age of the superior and inferior portions of the 
earth’s crust; we cannot hazard even a conjecture on this point, 
until we know whether, upon average, the power of water above, 
or that of heat below, is most efficacious in giving new forms to solid 
matter. 
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After tlie observations which have now been made, the reader will 
perceive that the term primary must either be entirely renounced, or, 
if retained, must bo dilTerently defined, and not made to designate a 
set of crystalline rocks, some of which are already ascertained to be 
newer than all the secondary formations. In this work I shall follow 
most nearly the method proposed by Mr. Bou4 who has called all 
fossUiferous rocks older than the secondary by the name of primary. 
To prevent confusion, I shall sometimes speak of these last as the 
primary fossUiferous formations; because the word primary has 
hitherto been most generally connected with the idea of a non- 
fossiliferous rock. Some geologists, to avoid misapprehension, have 
introduced the term Paleozoic for primary, from vaXaiovj ** ancient,” 
and fwor, an organic being,” still retaining the terms secondary and 
tertiary; Mr. Phillips, for the sake of uniformity, has proposed 
Mesozoic, for secondary, from /xccroc, “ middlg,” &c. ; and Cainozoic, for 
tertiary, fron 7 kaivoc, “ recent,” &c. ; but the terms primary, secondary, 
and tertiary are synonymous, and have the claim of priority in 
their favour. 

If we can prove any plutonic, volcanic, or metamorphic rocks to be 
older than the secondary formations, such rocks will also be primary, 
according to this system. Mr. £oue having with propriety ex- 
cluded the metamorphic rocks, as a class^ from the primary form- 
ations, proposed to call them all “ crystalline schists.” 

As there are secondary fossiliferous strata, so we shall find that 
there are plutonic, volcanic, and metamorphic rocks of contempora- 
neous origin, which I shall also term secondary. 

In the ne;jt chapter it will be shown that the strata above the 
chalk have I een called tertiary. If, therefore, we discover any vol- 
canic, plutonic, or metamorphic rocks, which have originated aince 
the deposition of the chalk, these also will rank as tertiary form- 
ations. 

It may perhaps be suggested that some metamorphic strata, and 
some granites, may be anterior in date to the oldest of the primary 
fossiliferous rocks. This opinion is doubtless true, and will be dis- 
cussed in future chapters; but I may here observe, that when we 
arrange the four classes of rocks in four parallel columns in one table 
of chronology, it is by no means assumed that these columns are all 
of equal length ; one may begin at an earlier period than the rest, and 
another may come down to a later point of time. In the small part 
of the globe hitherto examined, it is hardly to be expected that we 
should have discovered either the oldest or the newest members of 
each of the four classes of rocks. Thus, if there be primary, second- 
ary, and tertiary rocks of the aqueous or fossiliferous class, and in 
like manner primary, secondary, and tertiary hypogene formations, 
we may not be yet acquainted with the most ancient^ of the primary 
fossiliferous beds, or with the newest of the hypogene. 



Ca. IX.1 DIPFEBEKT AGES OF AQUEOUS BOCKS. 


93 


CHAPTER IX. 

out THE DIFFESENT AGES OF THE AQUEOUS EOCKS. 41 

On the three principal tests of relative age — superposition, mineral character, and 
fossils — Change of mineral character and fossils in the same continuous forma- 
tion — Proofs that distinct species of animals and plants have lived at successive 
periods — Distinct provinces of indigenous species — Great extent of single pro- 
vinces — Similar laws prevailed at successive geological periods — Relative 
importance of mineral and palssontological characters — Test of age by indludcd 
fragments — Frequent absence of strata of intervening periods — Principal groups 
of strata in western Europe -—Tabular views of fossiliferous strata. 

• 

In the last chapter I'spoke generally of the chronological relations of 
the four great classes of rocks, and I shall now treat of the aqueous 
rocks in particular, or of the successive periods at which the different 
fossiliferous formations have been dqfipsited. 

There are three principal tests by which we determine the age of 
a given set of strata ; first, superposition ; secondly, mineral cha- 
racter ; and, thirdly, organic remains. Some aid can occasionally be 
derived from a fourth kind of proof, namely, the fiict of one deposit 
including in it fragments of a pre-existing rock, by which the rela- 
tive ages of the two may, even in the absence of all other evidence, 
be determined. 

Superposition. — The first and principal test of the age of one 
aqueous deposit, as compared to another, is relative position. It has 
been already stated, that, where strata are horizontal, the bed which 
lies uppermost is the newest of the whole, and that which lies at the 
bottom the most ancient. So, of a series of sedimentary formations, 
they are like volumes of history, in which each writer has recorded 
the annals of his own times, and thed laid down the book, with the 
last written page uppermost, upon the volume in which the events of 
the era immediately preceding were commemorated. In this manner 
a lofty pile of chronicles is at length accumulated ; and they are so 
arranged as to indicate, by their position alone, the order in which 
the events recorded in them have occurred. 

In regard to the crust of the earth, however, there are some re- 
gions where, as the student has already been informed, the beds have 
been disturbed, and sometimes (Extensively thrown over and turned 
upside down. (See pp. 58, 59.) But an experienced geologist can 
rarely be deceive<l by these exceptional cases. When he finds that 
the strata are fractured, curved, inclined, or vertical, he knows that 
the original order of superposition must be doubtful, and he then 
endeavours to find sections in some neighbouring district where the 
strata are horizontal, or only slightly inclined. Here, the true order 
of sequence of the entire series of deposits being ascertained, a kejtis 
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furnished for settling the chronology of those strata where the dis- 
placement is extreme. 

Mineral character . same rocks may often be observed to 
retain for miles, or even hundreds of miles, the same mineral pecu- 
liarities, if we follow the planes of stratification, or trace the beds, if 
they be undisturbed, in a horizontal direction. But if we pursue 

t n vertically, or in any direction transverse to the planes of strati- 
tion, this uniformity ceases almost immediately. In that case wo 
can scarcely ever penetrate a stratified mass for a few hundred yards 
without beholding a succession of extremely dissimilar rocks, some of 
fine, others of coarse grain, some of mechanical, others of chemical 
origin ; some calcareous, others argillaceous, and others siliceous. 
These phenomena lead to the conclusion, that rivers and currents 
have dispersed the same sediment over wide areas at one period, but 
at successive periods have been charged, in the same region, with 
very different kinds of matter. The first observers were so astonished 
at the vast spaces over which they were able to follow the same hoji-o- 
geneous rocks in a horizontal direction, that they came hastily to the 
opinion, that the whole globe had been environed by a succession of 
distinct aqueous formations, disposed round tlie nucleus of the planet, 
like the concentric coats of an onion. But although, in fact, some 
formations may be continuous over districts as large a^s half of Europe, 
or even more, yet most of them cither terminate wholly within narrower 
limits, or soon change their lithological character. Sometimes they 
thin out gradually, as if the supply of sediment had failed in that 
direction, or they come abruptly to an end, as if we had arrived at the 
borders of the ancient sea or lake which served as their receptacle. 
It no less frequently happens that they vary in mineral aspect and 
composition, as we pursue them horizontally. For example, we trace 
a limestone for a hundred miles, until it becomes more arenaceous, 
and finally passes into sand, or sandstone. We may then follow this 
sandstone, already proved by its continuity to be of the same age, 
throughout another district a hundred miles or more in length. 

Organic remains. — This character must be used as a criterion of 
the age of a formation or of the contemporaneous origin of two 
deposits in distant places, under very much the same restrictions as 
the test of mineral composition. 

First, the same fossils may be traced over wide regions, if we 
examine strata in the direction of their planes, although by no means 
for indefinite distances. 

Secondly, while the same fossils prevail in a particular set of 
strata for hundreds of miles in a horizontal direction, we seldom meet 
with the same remains for many fathoms, and very rarely for several 
hundred yards, in a vertical line, or a line transverse to the strata. 
This fact has now been verified in almost all parts ‘'of the globe, and 
lias led to a conviction, that at successive periods of the past, the 
same area of land and water has been inhabited by species of animals 
and plants even more distinct than those which now people the anti- 
podes, or which now co-exist in the arctic, temperate, and tropical 
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zones. It appears, that from the remotest periods there has been 
ever a coming in of new organic forms, and an extinction of those 
which pre-existed on the earth ; some species having endured for a 
longer, others for a shorter, time ; while none have ever re-appeared 
after once dying out. The law which has governed the succession 
of species, whether we adopt or reject the theory of transmutation, 
seems to be expressed in the verse of the poet,— ^ 


Natura il fece, o poi ruppe la stampa. Auiosxa 
Nature made him, and then broke the die. 


And this circumstance it is, which confers on fossils their highest 
value as chronological tests, giving to each of them, in the eyes of 
the geologist, that authority which belongs to contemporary medals 
in history. 

The same cannot be said of each peculiar variety of rock; for 
some of these, as red marl and red sandstone, for example, may 
occur at once at the top, bottom, and middle of the entire sedi- 
mentary series ; exhibiting in each position so perfect an identity of 
mineral aspect as to be undistinguishable. Such exact repetitions, 
however, of the same mixtures of sediment have not often been pro- 
duced, at distant periods, in precisely the same parts of the globe ; 
and, even where this has happened, we are seldom in any danger of 
confounding together the monuments of remote eras, when we have 
studied their imbedded fossils and their relative position. 

It was remarked that the same species of organic remains cannbt 
be traced horizontsilly, or in the direction of the planes of strati- 
fication for indefinite distances. This might have been expected 
from analogy ; for when we inquire into the present distribution of \ 
living beings we find that the habitable surface of the sea and land ■ 
may be divided into a considerable number of distinct provinces, 
each peopled by a peculiar assemblage of animals and plants. In the 
Principles of Geology, I have endeavoured to point out the Extent 
and probable origin of these separate divisions ; and it was shown 
that climate is only one of many causes on which they depend, and 
that difference of longitude as weU as latitude is generally accom- 
panied by a dissimilarity of indigenous species. 

As different seas, therefore, and lakes are inhabited, at the same 
period, by different aquatic animals and plants, and as the lands ad- 
joining these may be peopled by distinct terrestrial species, it follows 
tliat distinct fossils will be imbedded in contemporaneous deposits 
If it were otherwise — if the same species abounded in every climate, 
or in every part of the globe where, so far as we can discover, a 
corresponding temperature and other conditions favourable to their 
existence are found — the identification of mineral masses of tlie 
same age, by means of their included organic contents, would be a 
matter of still greater certainty. 

Nevertheless, the extent of some single zoological provinces, espe- 
cially those of marine animals, is very great ; and our geological 
researches have proved that the same laws prevailed at remote 
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periods; for the fossils are often identical throughout wide spaces, and 
in detached deposits, consisting of rocks varying entirely in their 
mineral nature. 

The doctrine here laid down will be more readily understood, if we 
reflect on what is now going on in the Mediterranean. That entire 
sea may be considered as one zoological province; for although certain 
species of testacea and zoophytes may be very local, and each region 
has probably some species peculiar to it, still a considerable number 
!ire common to the whole Mediterranean. If, therefore, at some 
future period, the bed of this inland sea should be converted into land, 
the geologist might bo enabled, by reference to organic remains, to 
prove the contemporaneous origin of various mineral masses scattered 
pver a space equal in area to half of Europe. 

Deposits, for example, are well known to be now in progress in this 
sea in the deltas of the Po, Rhone, Nile, and other rivers, which differ 
as greatly from each other in the nature of their sediment as does the 
composition of the mountains which they drain. There are also other 
quarters of the Mediterranean, as off the coast of Campania, or near 
the base of Etna, in Sicily, or in the Grecian Archipelago, where 
another class of rocks is now forming; where showers of volcanic 
ashes occasionally fall into the sea, and streams of lava overflow its 
bottom ; ami where, in the intervals between volcanic eruptions, beds 
of sand and clay are frequently derived from the waste of cliffs, or 
the turbid waters of rivers. Limestones, moreover, such as the Italian 
travertins, are here and there precipitated from the waters of mineral 
springs, some of which rise up from the bottom of the sea. In all 
these detached formations, so diversified in their lithological clia- 
racters, the remains of the same shells, corals, Crustacea, and fish arc 
becoming inclosed ; or, at least, a sufficient number must be common 
to the di Hermit localities to enable the zoologist to refer them all to 
one contemporaneous assemblage of species. 

There are, however, certain combinations of geographical circum- 
stances which cause distinct provinces of animals and plants to be 
separated from each other by very narrow limits ; and hence it must 
happen, that strata will be sometimes formed in contiguous regions, 
differing widely both in mineral contents and organic remains. Thus, 
for example, the testacea, zoophytes, and fish of the Red Sea are, as 
a group, extremely distinct from those inhabiting the adjoining parts 
of the Mediterranean, although the two seas are separated only by 
the narrow isthmus of Suez. Of the bivalve shells, according to 
Philippi, not more than a fifth arc common to the Red Sea and tho 
sea around Sicily, while tlie proportion of univalves (or Gasteropoda) 
is still smaller, not exceeding eighteen in a hundred. Calcareous 
formations have accumulated on a great scale in the Red Sea in 
modern times, and fossil shells of existing species are well preserved 
therein ; and wo know that at the mouth of the Nile large deposits 
of mud are amassed, including the remains of Mediterranean species. 
It follows, therefore, that if at some future period the bed of tho 
Red Sea should be laid dry, the geologist might experience great 
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difficulties in endeavouring to ascertain the relative age of these 
formations, which, although dissimilar both in organic and mineral 
characters, were of synchronous origin. 

But, on the other hand, we must not forget that the north-western 
shores' of the Arabian Gulf, the plains of Egypt, and the isthmus of 
Suez are all parts of one province of terrestrial species. Small 
streams, therefore, occasional land-floods, and those winds which drift 
clouds of sand along the deserts might carry down into the Bed Sea 
the same shells of fluviatile and land testacea which the Nile is 
sweeping into its delta, together with some remains of terrestrial 
plants and the bones of quadrupeds, whereby the groups of strata, 
before alluded to, might, notwithstanding the discrepancy of their 
mineral composition and marine organic fossils, be shown to have 
belonged to the same epoch. 

Yet while rivers may thus carry down the same fluviatile and 
terrestrial spoils into two or more seas inhabited by different marine 
species, it will much more frequently happen, that the co-existence 
of terrestrial species of distinct zoological and botanical provinces 
will be proved by the identity of the marine beings which inhabited 
the intervening space. Thus, for example, the land quadrupeds and 
shells of the south 'of Europe, north of Africa, and north-west of 
Asia differ considerably, yet their remains are all washed down by 
rivers flowing from these three countries into the Mediterranean. 

In some parts of the globe, at the present period, the line of 
demarcation between distinct provinces of animals and plants is not 
very strongly marked, especially where the change is determined by 
temperature, as it is in seas extendingfrom the temperate to the tropical 
zone, or from the temperate to the arctic regions. Here a gradual 
passage takes place from one set of species to another. In like 
manner the geologist, in studying particular formations of remote 
periods, has sometimes been able to trace the gradation from one 
ancient province to another, by observing carefully the fossils of all 
the intermediate places. His success in thus acquiring a knowledge 
of the zoological or botanical geography of very distant eras has been 
mainly owing to this circumstance, that the mineral character has no 
tendency to be affected by climate. A large river may convey 
yellow or red mud into some part of the ocean, where it may be 
dispersed by a current over an area several hundred leagues in 
length, so as to pass from the tropics into the temperate zone. If 
the bottom of the sea be afterwards upraised, tlie organic remains 
imbedded in such yellow or red strata may indicate the different 
animals or plants which once ^habited at the same time the tem- 
perate and equatorial regions. 

It may be true, as a general rule, that groups of the same species 
of animals and plants may extend over wider areas than deposits of 
homogeneous composition ; and if so, palaeontological characters will 
be of more importance in geological classification than the test of 
mineral composition ; but it is. idle to discuss the relative value of 
these tests, as the aid of both is indispensable, and it fortunately 
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happensi that where the one criterion fails, we can often avail our- 
selves of the other. 

Test by included fragments of older It was stated, that 

independent proof may sometimes be obtained of the relative date of 
two formations, by fragments of an older rock being included in a 
newer one* This evidence may sometimes be of great use, where a 
geologist is at a loss to determine the relative age of two formations 
from want of clear sections exhibiting their true order of position, or 
because the strata tU’ each group are vertical. In such cases we 
sometimes disen^'r that the more modern rock has been in part 
derived from the vlcgi’itdatiop of the older. Thus, for example, wo 
may find chalk with flints in one part of a country; and, in another, 
a distinct formation, consisting of Milternations of elav, sand, and 
pebbles. If some of these pebbles consist of similar Hint, including 
fossil shells, sponges, and foraminiteva, of the same species as those 
in the chalky we may confidently infer that the %^halk is the oldest of 
the two formations. 

Chronological groups. — The number of groups into wliicli the 
fossiliferous strata may be separated arc more or less numerous, 
according to the views of classification which different geologists 
entertain ; but Avhen we have adopted a certain system of arrange- 
ment, we immediately find that a few only of the entire scries of 
groups occur one upon the other in any single section or district. 

The thinning out of individual strata was before described (p. 16.). 


Fig. 102. 



But let the annexed diagram represent seven fossiliferous groups, 
instead of as many sti’ata. It will tlion be seen that in the middle 
all the superimposed formations are present ; but in consequence of 
some of them thinning out, No. 2. and No. 5. are absent at one 
extremity of the section, and No. 4. at the other. 

In another diagram, fig. 103., a real section of the geological 
formations in the neighbourhood of Bristol and the Mendip Hills is 
presented to the reader, as laid down on a true scale by Professor 
Ramsay, where the newer groups 1, 2, 3, 4. rest unconform ably on 
the formations 5 and 6. Here at the southern end of the line of 
section we meet with the beds No. 3. (the New Red Sandstone) resting 
immediately on No. 6., while farther north, as at Dundry Ilill, we 
behold six groups superimposed one upon the other, comprising all 
the strata from the inferior oolite to the coal and carboniferous 
limestone. The limited extension of the groups 1 and 2. is owing 
to denudation, as these formations end abruptly, and have left 
outlying patches to attest the fact of^tlicir having originally covered 
a much wider area. 



a 



Section South of Bristol. A. C. Bamsay. 

length of section 4 miles. Oi b. Level of the sea. 

1. Inferior oolite. ft. Coal measures. 

2. Lias. ^ 6^ Carboniferous limestone. 

3. New red sandstone. * 7. Old red sandstone. , * 

4. Magnesian conglomerate. 

In many instances, however, the entire absence of one or more 
formations of intervening periods between two groups such as 3. 
and 5. in the same section, arise.s, not from the destruction of what 
once existed, but because no strata of an intermediate age were ever 
depo.sited on the inferior rock. They were not formed at that place, 
eitlier because the region was dry land during the interval, or because 
it was part of a sea or lake to which no sediment was carried. 

In order, therefore, to establish a chronological succession of 
fossiliferous groups, a geologist must begin with a single section in 
which several sets of strata lie one upon the other. He must then 
trace these formations, by attention to their mineral character and 
fossils, continuously, as far as possible, from the starting point. As 
often as he meets with new groups, he must ascertain by super- 
po.sition their age relatively to those first examined, and thus learn 
how to intercalate them in a tabular arrangement of the whole. 

By this means the German, French, and English geologists have 
determined the succession of strata throughout a great part of 
Europe, and have adopted pretty generally the following groups, 
almost all of which have their representatives in the Biitish Islands. 

Groups of Fossiliferous Strata observed in Western Europe^ ar- 
ranged in what is termed a descending SerieSy or beginning with 
the riewest. {See a more detailed Tabular vieWy pp. 102. 106.; 


1. Post -Tertiary, including Recent am 

Post- Pliocene. 

2. Pliocene. 

3. Miocene. 

4. Eocene. 

.5. Chalk. 

G. Greensand and Wcaldcn. 

7. Upper Oolite, including the Parbcck. 

8. Middle Oolite.* 

9. Lower Oolite. 

10. Lias. 

11. Trias. 

♦ For tertiary. Sir IT. De La BecheT 
1 m.‘- nscii the term “ supracretaceoiiN'* a 
ininii' iinjdyiiig that the strata so called 


} Tertiary, Supracretaceous*, 
or Cainozoic.f 


J'-Secondary, or Mesozoic. 

' j 

are superior in position to the ch.alk. 

t For an explanation ot‘ Caiiiozoic, 
&e. see above, p. 92. 

*> 
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12. Permian. 

13. Coal. 

14. Old Bed Sandstone, or Deyonian. 

15. Upiter Silurian. 

16. Lower Silurian. 

17. Cambrian and older fossiliferous strata. 


Primary. 


\ 


PalsBOzoic. 


It is not pretended that the three principal sections in the above 
table, called primary, secondary, and tertiary, arc of equivalent im- 
portance, or that the seventeen subordinate groups comprise monu- 
ments relating to equal portions of past time, or of the earth’s his- 
tory. But we can assert that they each relate to successive periods, 
during which certain animals and plants, for the most part peculiar 
to their respective eras, have floiiriahed, and during which different 
kinds of sediment were deposited in the space now occupied by 
Europe. 

If we were disposed, on palaeontological grounds *, to divide the 
entire fossiliferous scries into a few groups less nu^ierous than those 
in the above table, and more nearly co-ordinate in value than the 
sections called primary, secondary, and tertiary, we might, perhaps, 
adopt the eight groups or periods given in the next table. 

At the same time, I may observe, that, in the present state of the 
science, when we have not yet compared the evidence derivable from 
all classes of fossils, not even those most generally distributed, such 
as shells, corals, and fish, such generalizations are premature, and can 
only be regarded as conjectural or provisional schemes for the found- 
ing of large natural groups. 


Fossiliferous Strata of Western Europe divided into Eight Groups. 
P<«^Tcrtiat7_and ^ 

2. Cretaceous - - the Maestricht Chalk to the Wcalden inclu- 

J sive. 

3. Oolitic - - - from the Purhcck to the Lias inclusive. 

A Trincftio "I including the Kcuper, Muschelkalk, and Buntcr- 

^riassic - > Sandstein of the Germans. 

5. Permian and Carhoni- 1 including Magnesian Limestone, Coal Measures, 

ferous - - J and Mountain Limestone. 

6. Devonian or Old Bed S from the Yellow Sandstone of Fife to the Forfar- 

Sandstone - - j shire paving stones with cephalaspis. 

7. Silurian - - 1. Upper Ludlow to the Bala Limestone, 

J and Graptolite Schists. 

8. Cambrian - . 1 from the Lingula flags or primordial zone of Bar- 

J rande to the lowest known fossiliferous rocks. 

But the following more detailed list of fossiliferous strata, divided 
into a greater number of sections, will be found useful by the reader 
when he is studying our descriptions of the sedimentary formations 
given in the next 18 chapters. 


• Palseontology is the science which dent, ovra, onto, beings, and Acryos, logos, 
treats of fossil remains, both animal and a discourse, 
vegetable. Etym. waXam, palaios, an- 
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ABRIDGED GENERAL TABLE OF FOSSILIFEROUS STRATA. 


1. RECENT. 

2. POST-PLIOCENE. 

3. NEWER PLIOCENE. 

4. OLDER PLIOCENE. 

5. UPPER MIOCENE. 

C. LOWER MIOCENE. 

7. UPPER EOCENE. 

8. MIDDLE EOCENE. 

0. LOWER EOCENE. 

10. MAESTRICHT BEDS. 

11. ^VIIITE CHALK. 

12. UPPER GREENSAND. 

13. GAULT. 

14. LOWER GREENSAND. 

15. WEALDEN. 

16. PURBECK BEDS. 

17. PORTLAND STONE. 

18. KIMMEKIDOE CLAY. 

19. CORAL RAG. 

20. OXFORD CLAY. 

21. GREAT or BATH OOLITE. 

22. INFERIOR OOLITE. 

23. LIAS. 

24. UPPER TRIAS. 

2.5. MIDDLE TRIAS. 

26. LOWER TRIAS. 

27. PERMIAN. 

28. COAL-MEASURES. 

29. CARBONIFEROUS 

LIMESTONE. 

30. UPPER ^ 

31. MIDDLE IdEVONIAN. 

32. LOWER J 

33. UPPER ^ 

34. MIDDLE [•SlLUllIAN. 

35. LOWER J 

36. UPPER ) 

^CAMBRIAN. 

37. LOWER ) 

38. UPPER *5 

Vlaurentian. 

39. LOWER J 
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PALiEOZOIC. 



TABULAR VIEW 


THE FOSSILIFEROUS STRATA, 

SnOWIXG THE ORDEH OF SVPEKPOSITION OB CHBONOIOQICAL SUCCESSION OF THE PRINCIPAL 
GBOUPS, WITH REFEHENCE TO THE PAGES WHERE THEY ARE DESCRIBED IN THIS WORK. 


POST-TERTIARY. 

{Terrains contemporains et qnaternaircs), 

EXA.MPLES. 

{ £jn7w7i— Marine strata, with human rcmains^ 
on coast of Cornwall (p. 109). 

Slariiu* strata, with canoes, in the estuary of the 
Clyde (p. 109). 

L l'hm>«—mnish peat (kitehcn-middcns), with 

vwfp ( implements or bronze and stone ()). 11(0- 


REGSITT 


Shells and 

[ implements of bronze and stone ( )). 11(0 . \ mammalia, all 

Lacustrine mud, with remains of Swiss lake- of liriiig 
dwellings and implements of stone and species, 
metal (p.llO). 

Marine strata inclosing Tcujple of ?e’*apis, at 
Ihizzuoli (p. 109). 

Lacnstrinc strata of Cashmere (p. 109). ) 

Loamof Brixham cave, with flint knivos^^ 
and bones of ciliiict and living quadrupeds 
(p. 124). 

Valley gravels, or ancient alluvium of the 
Tliames and Ouse, with stone implements 
(11.117). 

Glacial drift of Scotland, with marine shells (p. 

151). 

Boulder formation of Norfolk clilfs (p. 161). 

Forcst-betl of Norfolk elifls, with bones of 
elejihant. Ac. (p. 161). 

Glacial drift of Wales with marine fossil shells 
nearly 1,400 feet high, on Mod Tryfacn (p. 

Foreign— knviont Valley gravels of Amiens, wit h Shells, recent 
flint implements and bones of extinct mam- mammalia 
lualia (p. 116). / in part 

Loess of khiiie (pp. 117, 118). extinct. 

Ancient Nile-mud forming rivor-tcrrac(‘s (p. 

118). 

Marine strata of Sardinia, 300 feel above sea- 
level, with ])Ottery and bones of extinct 
quadrupeds (p. 121). 

Loam and breccia of Liege caverns, with 
human remains, and bones of extinct and 
ree(Mit mammalia (p. 124). 

Australian cave brecjcias, with bones of extinct 
marsupials (p. 12.5). 

Glacial drift of Northern Europe (pp. 143-151 ). 

Post-glacial freshwater deposits of North Ame- 
\ rica with remains of mastodon (p. 166). ^ 

TERTIARY. 

( Terrains tertiaires). 

Norwich crag, marine, with 11 per cent, of the shells of 
extinct species, bones ot Mastodon aroenensis, &c. (p. 196). 
Chiliesford b^s, with marine shells, 0 per cent, extinct, and 
those of living siiccios chiefly Arctic (p. 190). 

Bridlington beds, marine Arctic fauna, commencement of 


POST- 

TERTIARY! 


2 

POST- 

PXiZOCfiNE 


3 

nrsvsB 

PLZOCfiNS 


, glacial epoch (p. 198). 

' Foreign— Tufts of ItAihia (p. 188) ) Marine slidls of which 

(jonc of Monte Somniaj(p. 189) \ 1 to 7 [im* cent, of the 

Eastern base of Mount Etna (p. 180) I species extinct. 
Calcareous and argillaceous strata and volcanic tuffs of Sicily, 
with shells from 10 to 30 per cent, of extinct species (p. 191). 
Latmstrine strata of Upper Val d’Arno, with Mastodon arver- 
V nensiSf Ac. (p. 195). 

r' British— "Rfid crag of Suffolk, marine shells, some of northern 
forms, 40 per cent, of extinct species (pp. 109, 204). 

White or coralline crag of Suffolk, testacea less northern, 48 
j per cent, of extiiffet sneeies. 

^ Foreign— Vpftor and middle Antwerp crag, shells from 40 to 50 
i per a^nt . extinct, bones of cetacea numerous ( p. 205) . 


Cone of Monte Somniaj(p. 189) 
Eastern base of Mount Etna (p. : 


PLIOCENE/ 


* 

OKBBB '' 
VUOCSVBl 
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MIOCENE 


EOCENE 


Examples. 

f Tiritish-^, Ferruginous sands of North Downs ? (p. 233). 


5 

VPPS& 

XMEXOCSXrS 


6 

XiOWSR 

MZOCEXrS 


/ 



Foreiffnr^a, Edeghem beds, Antwerp, with shells 61 per cent, 
of extinct spcclc^f (p. 232). 

a. Dicst sands (p. 232). 

Bulderberg beds of Belgium (p. 233). 

Faluns of Tourainc, wi:,h tcstacea of sub-tropical character, 
Dinoiherium, &c. <p. 211). 

Faluns, proper, of Bordeaux (p. 230). 

Freshwater strata of Gers, with remains of quadrumana 
(p. 231). 

Sands of Eppelsheim, with falunian quadrupeds (p. 241). 

Virrina basin, with shells four-fifths extinct species, and Din(h 
thcrium (p. 211). 

Beds of the Superga near Turin (p. 244). 

Deposit at Pikeroid, near Athens, with fossil pachyderms and 
apes (p. 245). 

Swiss (Eningen beds, rich in plants and insects (pp. 2ifi-252). 

• Marino molasse, Switzerland (p. 2.55). * 

Siwdlik hills, with freshwater shells and extinct quadrupeds 
(p. 273). 

Marine strata of the Atlantic border in the United States 
(p. 274). 

Volcanic tuff and limestone of Madeira, the Canaries, and the 
^ Azores (p. 667). 

Hempstead beds, marine and freshwater strata (p. 237). 

Lignites and clays of Bovey Tracey, plants of sub-tropical 
character (p. 23H}. 

Isle of Mull leaf-bed, volcanic tuff (p. 240). 

1 Foreign— Csi\(^ire de la Beauce, &c. (p. 217). 

Gres de Fontainebleau (p. 217). 

Lacustrine strata of the Limagnc d’Auvergne (p. 220), and of 
the Caiital (p. 229). 

Lower marine and brackish strata of Bordeaux, with Cerithium 
plicatum, Ac. (p. 230). 

Mayence basin, Littorinella limestone, and marls with Cyr^ia 
stmistriata, Ac. (p. 241). 

Badaboj beds of Croatia, with fossil plants and insects (p. 243) . 

Brown coal of Germany (p. 24l!). 

Lower molasse of Smtzerland, freshwater and brackish, with 
sub-tropical flora (pp. 256-261). 

Rupclian beds of Dumont, with Leda Deshayesiana, Ac. (p. 235). 

Middle Limburg (Kleyn Spaweii) beds (Upper Tongridn of 
Dumont), with marine and freshwater shells (p. 236). 

Lower Limburg (Low'or Tongriaii of Dumont) with marine 
shells, one-third common to Upper Eocene (p. 236). 

Nebraska beds, with bones of extinct quadrupeds and chelo- 
. Ilians (p. 276). 

British — 1. Bombridge, fluvio-marine strata with Paleo- 
therium, Ac. (p. 231). 

2. Osborne or St. Helen’s series (p. 2S2). 

3. Hcjwlon series, with marine and freshwater shells (p. 282). 

\ 4. Barton clay, with nummulites (p. 285). 


EOCBITB 


8 

MZEDEB 

EOCEXTE 


9 

XiOWBR 

EOCEETS 




Foreign— 1, Gypsum of Montmartre, freshwater M’ith Fal^othe- 
ritim (p. 297). 

^ 2. Calcairo silideux, or Travertin inKrieur (p. 300). 

3. GrCs do Beauchamp or Sables moyeiis (p. 300). 

British— 1, Bagshot and Braoklesham beds (p. 287). 

2. White clays of Alum Bay, with plants of tropical genera 

1 (p. 280). 

\ Foreign>—l. (jklcaire grossier, miliolitic limestone (p. 300). 

2. Soissoiinais sands, or Lits coquilliers, with A'uminulitcs 
planulata (p. 302). 

, 3. Claiborne bc'ds of United States, with Orbitoides and Zeup- 
y todon (p. 306). 

I British— Loudon clay proper, shells, fish, and plants of sub- 
tropical types (p. 289). 

1 2. Plastic or mottled clays of Woolwich, fluvio-marine (p. 292). 

( 3. Thanct |ands, with Pholudomya, Ac. (p. 295). 

Foreign— Argile de Londres near Dunkirk (p. 295). 

2. Argile plastique, with Gasfornis parisiensis (p. 303). 

^ 3. Sables do Bracheux, with A rctocyon primavus (p. 303). 
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{Terrains 

cretaces) 


OOLITE 
(Terrains ' 
jnrassiqvesV 
in part 


LIAS 
( Tf'rrains 
jimfssiqnes) 
in psii*t 


TRIAS 
(Nouveau 
gres rouge) 


10 

VPPBlt 

CBBTACS- 

OUS 


11 

XiDWBlt 

CBBTACB- 

dus 

or 

wsoco- 

MXAXr 


12 
PPB 
OOliXTB 


13 

MXDBXiB 

OOBXTB 


IS 

XiOWBB 

OOXiXTB 


15 

XiXAS 


16 


TBXAS 


17 


18 

BOWBB 


SECONDARY. 

(Terrains secondaires). 

Examples. 

^British—!, Wanting, 

2. White chalk with flints, marine (p. 319). 

3. Chalk marl, marine (p. 328). 

4. Upper greensand— flre-stone of Surrey, marine (p. ,319). 

5. (lault— dark blue marl of south-east of England (p. 329). 

Blackdown beds of littoral origin (p. 330). 

Foreign— -1, Maestricht beds, with Mosasaurus (p. .313). 

Faxoe chalk with Nautilus danicus, &o. (p. 31 1) . 

2. White chalk of France, Sweden, and Russia (p. 316). 

3. Plkner-kalk of Saxony (p. 322). 

2 and 3. Sands and clays of ix-la-Chapelle, with preponder- 
ance of dicotyledonous angiosperms (p. 331). 

4. Quader sandsteiii of Germany (p. 3,32). 

5. Gault of the Ijoirc (p. 329). 

2 and 3. liippurite limestone of South of France (p. 333). 

2 to S. New Jersey U.S. sands and marls (p. 336). 

^ 2 to 6. Silic(x>us limestone of Texas (p. 337). 

British—!. Ferruginous and green sands (p. 339). 

Kentish rag, or calcareous stone (p. ,*1.39). 

Atherfteld bi*da, marine, with Ferna Mulleti (p. 343). 

2. Wt^ald clay of Surrey, Kent, and Sussex, freshwater, with 
Cgpris (p. 344). 

Hastings sands (Tunbridge and Ashbumham beds), fresh- 
water, Jguanodon Mantelli (p.346). 

Foreign — 1. Neocomiaii of NeufchAr'l (p. 339). 

^ 2. Wealden beds of Hanover (p. 349). 

'British— }Ju])CT Purbeck beds, freshwater, Purbcck marble (p. 
377). 

Middle Purbcck fluvio-inarinc, with numerous marsupial 
quadrupeds, &e. (i>. 37S). 

Lower Purlieck freshwater, with intercalated dirt-bed (p. 387). 
Portland stone and sand (p. 391). 

Kiinmeridge clay, bituminous sliale, with inarino shells, 24 
per cent, common to middle oolite (p. :^92). 

Fomfloe— 3Iarncs a gryph<Ses virguh s of Avgoiiiio (p. 393). 

' Litiiogra])hu* stone of Solcnhofon with Archfrojdergx (p. .393). 
I British—I Coral rag ( . . , 

j Oxfortl clay, with lielemnitrs and ammonites (p. 397). 

: Kelloway rock of Wilts and York^hire, with shells, 21 per cent. 
I common to lower oolite (p. 398). 

I Foreign— 1, Nerinojan limestone of the Jura. 

^ Hiceras limestone of tlse Alps (p. 390). 

f' British— Cornhraah and forest marble of Wilts and Gloucester- 


shire (p. 393). 

Great oolite of Bradford, with enerinites, &e. (p. 399). 
Stonesficid slate with iua!*!»upiiils and Araurarin (p. 9)2). 
Fuller's earth of Bath with Ostrea acuminata (p. 408 ). 
Inferior oolite, with 2-1 per cent, of shells cumuioii to great 
oolite (p. 410). 

UppiT lias, argillaceous, with Ammonites striatulus, Spirifer, 
and Lepteena (p. 415). 

Shale and limestone, with Ammonites hifrons (p. 410). 
Marlstune stones, or middle lias, divisible into three zones with 
characteristic Ammonites (p. 416). 

Lower lias, divisible into six zones. Ammonites Bucklnndi in 
the lowest but one, and A. planorbis in tlie lowest zone 
. (p.417). 

tsA— Venarth, or Avicutu centorta beds— 'W'hito lias, with lisli 
of the genera Uyliodus^ &c. (p. 4;i9). 

Holoinitic conglomerate of Bristol, with Tfiecodontosaurus, Ac. 
(p. 444). 

Red clay, with thick beds of salt, at Northwich, in Cheshire 
(p.44«>. 

Foreign— KnxiKiT beds of Germany, with Microtestes and flsh of 
the genera llybhdus, Ac. (p. 4.30). 

St. Cassianor Hallstadt l^ds, with rich marine fhuna (p. 432). 
Coalfleld of Richmond, Virginia, with Bstheriu ovnta and 
plants resembling those of European Keuper (p. 418). 
Chatham coalfleld. North Carolina, With JJromatherium (p. 

^ m). 

HriYwr/t— Wanting. 

Mu.schelkalk of (3crmany,with Snerinus liliiformis and 
Placodm gigas (p. 436). 

{ British— Now red sandstone of Lancashire and Cheshire, with 
LabyrintfuMion and footprints of Cheirotherium (p. 441). 
ibr^»— Buiiter-sandstein of Gcrtnany, with footsteps of Laby- 
rinthodon (p.438). 

Red sandstone of Connecticut Valley, with footprints of birds 
and reptiles (p. 460). 
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f 
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21 
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22 
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23 
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PRIMARY. 

{TerraiiM •palkozotqms). 

Examples. 

^BritUh—l, Concretionaiy magnesian limestone of Durham and 
Yorkshire (p. 457). 

2. Bri'cciated 'magnesian limestone of Tynemouth cliff, Ac. 
(p. 457). 

8. Fossiliferoiuimagnesian limestone, with Fenestellaretifonnia 
(p. 458). 

4. Compact magnesian limestone (p. 459). 

5. Marl-slate of Durham, with heteroccrcal fish (p. 459). 

j 6. Inferior SAiidstones, with plants resembling those of the 
\ coal, but differing in species (p. 460). 

Foreiff jp—1, Stinkstein of Thuringia (p. 450). 

2. Rauchwackc, idl'd, (p. 456). 

3. Dolomite or Upper Zechstcin (p. 461). 

4. Zcchstcin or Lower Zechstcin (p. 461). • 

5. Mcrgcl-schicfer or Kupfcrschiefer, with ProtoroMitrus (p. 

461). 

6. Roth-liegendes of Thuringia, with Psaronius (p. 461). 

V Magnesian limestones, &c., of Russia (^. 460). 

Coal measures of South Wales, with undcrclays enclos- 
ing Stigntaria (p. 465). 

Coal measures of Coalbrook Dale (p. 490). 

Millstone grit (p. 463). 

^ Carboniferous roi'ks of Ireland (p. 46-i). 

\ Foreign — Etienne coalfield, with erect fossil trees (p. 480). 
CoailleUl of Saarbruck with Archegoaauma (p. 50*2). 
Carboniferous strata of Nova Scotia, with fossil forests, and 
land-shell Pupa vetusta (p. 509). 

Aiipalacliian coalfield, 720 miles long and 180 miles wide, with 
\ footprints of Cheirotheriuin (p. 5«6). 

("RWfwd— Mountain liiuc.stonc of Wales and South of England, 
with uiariiic fossils, chiefly corals and crinoids (p. 512). 

I Same in Somersetshire and Indand, with fish-lxHls (p. 517).' 

) Carboniferous limestone of Scotland alternating withcoal- 
^ bearing sandstones (p. 46i). 

Foreign — Mountain Uniestone of Belgium (p. 517). 
Kiesel-schiefcr and Jungcre Grauwacke of Germany, with 
Posidonomya Becheri (p. 518). 

\ Gypseous beds and Encriiiital limestone, Nova Scotia (p. 519). 

^British — ^Yellow sandstone of Dura Den, with Glgptoloemus (p. 
621, 526) ; and of Kilkenny with fossil fish (p. 521). 

Pilton group of North Devon, with Spirifer disjunctus (p. 
633). 

Fetherwyn group of Cornwall, with Clymenia and Cypridina 
\ (p.533). 

ForcipM-Clymcnien-kalk and Cypridiucn-scliiefer of Germany 
(p. 533). 

Liutcstoncs of tho Fichtclgebirga, with trilobites of the genera 
BronUs, &c. (p. 533). 

\ Catskill and Chemung group of New York, U.S. (p. 540). 

Sandstones of Forfarshire and Pertlishlre, with IIolo- 
ptychius, &c. (p. 522). 

Bituminous schists of Gomrie, Caithness, &c., with numerous 
fish (p. 527). 

I Unfossiliferous scries of North Devon (p. 534). 

\ llfracomlie beds with many trilobites and corals, and with ce- 
phalopoda disitiiict fVoiu Upper Devonian (p. 534). 
Foreign— IfBtel limestone with underlying schists containing 
Caleeoln (p. 537). 

Corriiferous formation of Western Ganadaand N ew York (p.539). 
^ Devonian strata of Russia (p. 537). 

British— ArhrfMi paving-stoucs with Cephalaspis, PferygotuSt 
and Parka (p. 637). 

Lower sandstones of Caithness with Pterygotus (p. 523). 
Sandstones and slates of the Foreland and Linton (p. 537>, 

\ Snndstoiies of Torquay with broad-wiiigcil Spirifers (p. 637). 
Ecmy^m— S outh African Dovoiiiau strata \sit\\ Uotnalonotus, Ac. 

Or»kaiiy sandstone of Western Canada and New York (p. 
I, 639). 


V 
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SILURIAN 

[Tirrain 

Silurioi) 


CAM- 

BRIAxV 


LAUREN- 

TIAN 


( 


ZS 

VPPSlt 

SX&VRXAW 


Examples. 

( RpiYtafe— Upper Ludlow fonuatioii, Downton sandstone, with 
bone-bed in the upper part j grey sandstone with laiynamvlla 
amenta (p. 5*18-9). 

Lower Ludlow formation, comprising Ayraostry limestone and 
Lwdlovr shale, with oldest known Ush remains (p. ojI). 


'l M^'enlock lunestone, with trilobites, Ac. (p. 553). 

Wenlock shale* with graptolites (p. 553). 

I Woj>Ihopf limestone and grit (p. .'i.'id). 

I Nia^^ara limestone, with Calif mene, Ilomalonotus, Ac. 

I (p. 536). 


British’-'Vppcr Llandovciw, comprising T.arannou shale ami 
May-hill sandstone and limestone, with Bentamerns lads, 
2® Ac. (p. 55(5). 

MXDDXiE Lower Llandovery slates (p. 557). 

SXXiimXAN Forem —Clinton group of America, with Pentamerns Ians, Ac. 
(p.507). 

^ Silurian strata of Russia, with Pentamems (p. 565). 


/RnY/sA— Caradocand Bala beds, with Tnnucleus Caractnei, &q. 
(p. 53S). 

Llandeilo dags, avith graptolites and interstratified volcanic 
27 tuffs (p.. 560). 

XiOWER Lower Llandeilo or Arenig formation, with Didymograpsus 
(jeminus, and interstratified volcanic tuffs (p. 562). 
BXEuRXAXrj : orOboliis grit of Russia (p. 565). 


V 


28 

UPPER 

CAM- 

BRXAir 

(Primordial zone 
( of Barrande) 

29 

LOWER 

CAM- 

BRXAR 

(Longmyud 

Group) 

30 

UPPER 

XiAURBE- 

TXAW 


I Hmlson river group and Trenton limestone of North America, 
with Trm iclem, Ac., and Blaok River limestone, w’’ h largo 
Ovflwccras (p. 367). 

Ortlioceras limestone of Sweden (p. 567). 

Trcmadoc slates, with trilobites of genera, partly 
Silurian, partly " primordial of Barrande ” (p. 571). 

Lingula flags with Lingula Bavisii (p. 372). 

, Foreign—** Primordial ” zone of Bohemia, with trilobites of the 
genera Paradoxules, Ac. (p. 569). 

Alum schists of Sweden and Norway (p. 576L 
Potsdam sandstone, with Vikeloccphalus and Obolella (p. 576). 
Quebec group with mixed fauna, reseinbliiig that of Lower 
^ Llandeilo and Tremadoc groups (p. 578). 

I Harlech grits, with Arenicnlites spnrsns, Ac. (p. 573). 

Llanberis slates, with zoophytes [OUlhamia) (p. 574). 

; Foreign— Huronian series of Canada (p. 573). 

I 

Fundamental gneiss of the Hebrides ? (p. 580). 

I Hyperstheiie rocks of Skye ? (i>. 579). 

' Forc/firw— Labradorite series nortli of the river St. Lawrence in 
i Canada (p. 179). 

I Adirondack mountains of New York (p. 179). 


x.oiirsB. Fri7<«A— Wanting. (?) 

liO wfiR j Beds of gneiss and quartzite, with interstratified limo- 

LAUREN- \ stones, in one of which, l,0ii0 feet thick, occurs a foraiuiiiifer 
^ TXAE Eozoon Canadense, the oldest known fossil (p. 679). 
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CHAPTER X. 

UECENT AND POST-PLIOCENE PERIODS. 

Recent and Post-pliocene periods — Terms defined — Formations of the Recent 
period — Modern littoral deposits containing works of art near Naples — Danish 
peut and shell mounds — Swiss lake-dwellings — Periods of stone, bronze, and 
iron— Form of human skulls of the Recent period — Pust-plioce»e formations— 
Coexistence of man with extinct mammalia — Higher and Lower-level Valley- 
gravels — Loess or inundation mud of the Nile, Rhine, &c. — Antiquity of Posi- 
I)liocene Lake-tcrraces in Switzerland — Upraised marine strata in Sardinia — 
Origin of caverns — Remains of man and extinct quadrupeds in cavern deposits 
— Cave of Kirkdalc — Reindeer period of south of France — Australian cave - 
breccias — Geographical relationship of the provinces of living vertebrata and 
those of extinct P<^st-pliocene species— Extinct struthious birds of New Zealand 
— Fluctuations of climate in Post-glacial period — Comparative longevity of 
species in the mammalia and testacca — Teeth of Recent and Post-pliocene 
mammalia. 

From the general tables, given at the end of the last chapter, the 
reader will have learnt that the uppermost or newest strata are 
called Post-tertiary, as being more modern than the Tertiary. It 
will also be observed that the Post- tertiary formation^ are divided 
into two subordinate groups : the Recent, and Post-pliocene. In 
the former, or the Recent, the mammalia as weU as the shells are 
identical with species now living ; whereas in the Post-pliocene a 
part, and often a considerable part, of the mammalia belong to ex- 
tinct species. To this nomenclature it may be objected that the m:m 
Post-pliocene should in strictness include all geological monuments 
posterior in date to the Pliocene ; but when 1 have occasion to speak 
of the whole collectively, J shall call them Post-tertiary, and reserve 
the term Post-pliocene for the older Post- tertiary formations, while 
the Upper or newer ones will be called “ Recent.” 

Cases will occur where it may be scarcely possible to draw the 
boundary line between the Recent and Post-pliocene deposits ; and 
we must expect these difficulties to increase rather than diminish 
with every advance in our knowledge, and in proportion as gaps are 
filled up in the series of records. 

In 1839 I proposed the term Pleistocene as an abbreviation for 
Nover Pliocene, and it soon became popular, having been adopted by 
the late Edward Forbes in his^admirable essay on “ The Geological 
Relations of the existing Fauna and Flora of the British Isles but 
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he applied the term almost precisely in the sense in which I shall 
use Post-pliocene in this volume, and not as short for Newer Plio- 
cene. In order to prevent confusion, I think it best entirely to 
abstain from the use of Pleistocene in this work, for I find that the 
introduction of such a fourth name (unless restricted solely to tho 
older Post-tertiary formations) must render the use of Pliocene, 
in its original extended sense, impossible, and it is often almost 
indispensable to have a single term to comprehend both divisions 
of the Pliocene period.* 


RECENT PERIOD. 

It was stated in the sixth chapter, when I treated of denudation, 
that the dry land, or that part of the earth’s surface which is not 
covered by the waters of lakes or seas, is generally wasting away by 
the incessant* action of rain and rivers, and in some cases by 
the undermining and removing power of waves and tides on the sea 
coast. But the rate of waste is very unequal, since the level and 
gently sloping lands, where they are protected by a continuous 
covering of vegetation, escape nearly all wear and tear, so that they 
may remain for ages in a stationary condition, while the removal of 
matter is constantly widening and deepening the intervening ravines 
and valleys. 

The materials, both fine and coarse, carried down annually by 
rivers from the higher regions to the lower, and deposited in succes- 
sive strata in the basins of seas and lakes, must be of enormous 
volume. We are always liable to underrate their magnitude, be- 
cause the accumulation of strata is going on out of sight. 

There are, liowever, causes at work which, in the course of cen- 
turies, tend to render ^visible these modern formations, whether of 
marine or lacustrine origin. For a large portion of the earth’s 
crust is always undergoing a change of level, some areas rising and 
others sinking at the rate of a few inches, or a few feet, perhaps 
sometimes yards, in a century, so that spaces which were once 
subaqueous are gradually converted into land, and others which 
were high and dry become submerged. In consequence of such 
movements we find in certain regions, as in Cashmere for example, 
where the mountains are often shaken by earthquakes, deposits 
which were formed in lakes in the historical period, but through 
which rivers have now cut deep and wide channels. In lacustrine 
strata thus intersected, works of art and freshwater shells are seen. 
In other districts on the borders of the sea, usually at very moderate 
elevations above its level, raised beaches occur, or marine littoral 
deposits, such as those in which, on the borders of the Bay of Baias, 


* If geologists still think it convenient 
to retain the term Pleistocene, I would 
recommend them to use it not in the 
sense originally proposed by me, nor in 


the somewhat vague manner in which it 
wac applied by Edward Forbes, but in 
place of Post-pliocene as this term is de- 
fined in the present work. 
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near Naples, the well-known temple of Serspis was embedded. In 
that case the date of the monuments buried in the marine strata is 
ascertainable, but in many other instances, the exact age of the re- 
mains of human workmanship is uncertain, as in the estuary^ of 
the Clyde at Glasgow, where many canoes have been exhumed, with 
other works of art, all assignable to some part of the recent period. 

On the coast of Cornwall, at Pentuan, near St. Austell, and at 
Carnon in the same county, at the depth of 53 feet, human skulls 
have been met with beneath marine strata, in which the bones of 
whales, and of several land quadrupeds, all of living species, were 
embedded. 

Danish peat and shell mounds^ or kitchen-middens , — Sometimes 
we obtain evidence, without the aid of a change of level, of ^veifts 
which took place in pre-historic times. The combined labours, for 
example, of the antiquary, zoologist, and botanist have brought to 
light many monuments of the early inhabitants bufied in peat- 
mosses in Denmark. Their geological age isidetermined by the fact 
that, not only the contemporaneous freshwater and land shells, but 
all the quadrupeds, found in the peat, agree specifically with those 
now inhabiting the same districts, or which are known to have been 
indigenous in Denmark within the memory of man. In the lower beds 
of peat (a deposit varying from 20 to 30 feet in thickness), weapons 
of stone accompany trunks of the Scotch fir, Pinus sylvestris^ while 
in the higher portions of the same bogs, bronze implements are 
associated with tranks and acorns of the common oak. It appears 
that the pine has never been a native of Denmark in historical 
times, and it seems to have given place to the oak about the time 
when articles and instruments of bronze superseded those of stone. 
It also appears that, at a still later period, the oak itself became 
scarce, and was nearly supplanted by the beech, a tree which now 
flourishes luxuriantly in Denmark. Again, at the still later epoch 
when the beech tree abounded, tools of iron were introduced, and 
were gradually substituted for those of bronze. 

On the coasts of the Danish islands in the Baltic, certain mougds, 
called in those countries “Kjokken-modding,’* or “kitchen-middens,’* 
occur, consisting chiefly of thje castaway shells of the oyster, cockle, 
periwinkle, and other eatable kinds of mollusks. These mounds are 
from 3 to 10 feet high, and from 100 to 1000 feet in their longest 
diameter. They greatly resemble heaps of shells formed by the Red 
Indians of North America along the eastern shores of tlie United 
States. In the old refuse-heaps, recently studied by the Danish 
antiquaries and naturalists with great skill and diligence, no imple- 
ments of metal have ever been detected. All the knives, hatchets, 
and other tools, 'are of stone, horn, bone, or wood. With them are 
often intermixed fragments of rude pottery, charcoal and cinders, 
and the bones of quadrupeds on wliich the rude people fed. These 
bones belong to wild species still living in Europe, though some of 
them, like the beaver, have long been extirpated in Denmark. The 
only animal which they seem to have domesticated was the dog. 
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As there is an entire absence of metallic tools, these refuse-heaps 
are referred to what is called the age of stone, which inniuMlintely 
preceded in Denmark the age of bronze — a race more advjineed in 
civilisation, armed with weapons of that mixed metal, having appa- 
rently invaded Scandinavia, and ousted the aborigines.* 

Lacustrine habitations of Switzerland * — In Switzerland a different 
class of monuments, illustrating the successive ages of stone, bronze, 
and iron, has been of late years investigated with great success, and 
especially since 1854, in which yeai’ Dr. F. Keller explored near the 
shore at Meilcn, in the bottom of the lake of Zurich, the ruins of 
an old village, originally built on numerous wooden piles, driven, at 
some unknown period, into the muddy bed of the lake. Sine then 
a*great many other localities, more than a hundred and fifty m all, 
have been detected of similar pile-dwellings, situated near the bor- 
ders of the Swiss lakes, at points where the depth of water does not 
exceed 15 fe^t.f The superficial mud in such cases is filled with 
various articles, many hundreds of them be^^g often dredged up 
from a very limited area. Thousands of piles, di?cayed at iheir 
upper extremities, are often met with still firmly fixed hi the mud. 

Herodotus relates that in the time of Darius (about 520 n.o.) 
there existed a similar settlement in the middle of Lake Trasias 
(probably now Lake Takinos), in Poconia, or in the modern Turkish 
province of Roumelia. “The houses,” he says, “were bhilt on a plat- 
form of wood supported by wooden stakes, and a narrow bridge, 
which could be withdrawn at pleasure, communicated with the 
shore.” J “ When man,” says Morlot,§ “ thus stationed his dwellings 
on piles, all the refuse of his industry and of his food were naturally 
thrown into the lake, and were often well preserved in the mud at 
the bottom. If occasionally such establishments were burnt, Avhether 
intentionally by the enemy, or by accident, a vast quantity and 
variety of articles, including some of great value, would sink to the 
bottom of the waters. Such aquatic sites were probably selected as 
places of safety, since, when the bridge was removed, they could 
only be approached by boats, and the water would serve for protec- 
tion alike against wild animals and liuraan foes.” 

As the ages of stone, bronze, and iron merely indicate successive 
stages of civilisation, they may all have coexisted at once in different 
parts of the globe, and even in contiguous regions, among nations 
having little intercourse with each other. To make out, therefore, 
a distinct chronological series of monuments is only possible when 
our observations are confined to a limited district, such as Switz- 
erland ; and the distinctness of date becomes more striking when a 
settlement like that of Moosseedorf, near Berne, belonging exclusively 

* See the works of Nilsson, Thom- 1860; and Antiquity of Man, by the 
sen, Warsaae, Steenstrup, and others. Author, ch. ii. 

t See the works of MM. Troy on J Herod., v. 1C. 

and Keller, and M. Morlot’s sketch of .§ General Views of Archteoloffy by 

these researches. Bulletin de la SocictC* Morlot, Memoirs of Smithsouiau In- 
Yaudoisc dcs bci. Nat., t. vi., Lausanne, stitution, 1861 . 
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to the age of stone, is surrounded by a great many others all re- 
ferable to the period of bronze. The number of objects found at 
Moossoedorf exceeds two thousand, among which no metallic ones 
were observed. At Wangen, on the Lake of Constance, more than 
1300 articles of stone, bone, and pottery were collected, without 
the intermixture of a single utensil, instrument, or ornament of 
bronze. In other lakes, as in those of Bienne and Geneva, there 
are settlements where the number of bronze articles is equally 
numerous, with a very slight admixture of weapons of stone. 

The relative antiquity of the pile-dwellings, which belong respec- 
tively to the ages of stone and bronze, is also clearly illustrated by 
the association of the tools with certain groups of animal remains. 
Where the tools are of stone, the castaway bones which served for 
the food of the ancient people are those of deer, the wild boar, 
and wild ox, which abounded when society was in the hunter state. 
But the bones of the later or bronze epoch were chie*fly those of 
the domestic ox, goat, and pig, indicating progress in civilisation. 
Some villages of the stone age are of later date than others, and 
cxliibit signs of an improved state of the arts. Among their relics 
are discovered carbonised grains of wheat and barley, and pieces of 
bread, proving that the cultivation of cereals had begun. In the 
same settlements, also, cloth, made of woven flax and straw, has been 
detected. 

To the Swiss pile-buildings of the bronze age belong manufac- 
tured objects which display a very decided superiority in beauty of 
form, and ornamentation, when contrasted with those of the ante- 
cedent age of stone. In one village at Nidau, on the lake of Bienne, 
a great number of axes, lances, sickles, fish-hooks, and bracelets, 
altogether nearly two thousand articles, have been obtained, and 
with them some few implements of stone. These last, dredged up 
from the same site, may perhaps have been used simultaneously; or 
possibly the same village, founded in the age of stone, may have 
continued to flourish in the succeeding period of bronze.* The 
pottery of the bronze age in Switzerland is of a finer texture, and 
more elegant in form, than that of the age of stone. At Nidau, 
articles of iron have also been discovered, so that this settlement 
was evidently not abandoned till that metal had come into use. 

At La Thfene, in the northern angle of the lake of Neufchatel, a 
great many articles of iron have been obtained, which in form and 
ornamentation are entirely different both from those of the bronze 
period and from those used by the Homans. Gaulish and Celtic 
coins have also been found there by MM. Schwab and Desor. They 
agree in character with remains, including many iron swords, which 
have been found "at Tiefenau, near Berne, in ground supposed to 
have been a battle-field ; and their date appears to have been anterior 
to the great Roman invasion of Northern Europe, though perhaps 
not long before that event. f , 

* !Mr. J. Lubbock’s Lecture, Royal Institution, Feb. 27tli, 1863. 

f Lubbock, ibid. 
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The period of bronze must hav6 been one of foreign commerce^ 
as tin, irhich enters into this metallic mixture in the proportion of 
about ten per cent, to the copper, was obtained by the ancients 
chiefly from Cornwall. From that country it is supposed to have 
been supplied at one time by the Phoenicians to the Greeks, as well 
as to all the inhabitants of the eastern shores of the Mediterranean. 
Even the tin said to have come from Iberia, or Spain, is imagined 
by many antiquaries to have been first shipped from the Cassiterides, 
or Cornwall, to Cadiz.* At a later period we learn from Diodorus 
that ingots of tin were shipped from Iktis, or St. Michaers Mount, 
in Cornwall, and conveyed over the channel to the opposite coast, and 
thence on tiie backs of horses across Gaul, in about thirty days, to 
]VIas9ilia or Marseilles, from whence the Romans obtained it.f 

The Greeks are described by Homer in the Iliad as armed with 
X<a\Koc, usually translated brass, 'which is now ascertained, by a pre- 
cise analysis of ancient Greek armour and coins, to have consisted 
not of copper and zinc, but of copper and tin, or what we now call 
bronze. Contemporaneously with bronze, iron was also in use among 
the ancients, even from very remote times ; but so long as the art of 
making steel by blending iron in certain chemical proportions with 
carbon was unkuow'n, or still in its infancy, bronze seems to have 
competed successfully with iron in the construction of all cutting 
implements. The best definition, perhaps, of the age of iron yet pro- 
posed, is that which describes it as the period when this metal had, 
for the most part, superseded bronze in all instruments requiring a 
sharp cutting edge. It is remarkable that in Herculaneum and 
Pompeii, which were buried under the ashes of Vesuvius in the year 
79, nearly a thousand years after Homer’s time, the prevailing metal 
of which the agricultural, culinary, and even the surgical instruments 
are made was bronze ; although articles of iron are by no means 
wanting among the relics found in those ancient cities. In Tran- 
sylvania and Hungary, according to Keller, an age of copper in- 
struments intervened between that of stone and bronze. 

In estimating the degree in which iron and bronze prevailed in 
prehistoric ages, we are in some danger of being misled by the great 
durability of the one metal, and the .facility with which the other, or 
the iron, is decomposed. But if iron be corroded in large quantities 
by oxidation, it would usually betray itself to the geologist by acting 
as a cement, and binding together the particles of sand, gravel, mud, 
and shells in which it lay. A cylindrical coating of such materials 
has sometimes been found encircling cannon and gun-ba^els, the 
further corrosion of which seems to have been arrested by such an 
envelope. J 

Human remains of the recent period . — Very few human bones 
of the bronze period have been met with in the Danish peat, or in 

Sir G. Cornwall Lewis, Astronomy up in Falmouth Harbour. Royal In- 
of the Ancients, ch. viii. ^stitution of Corn wall, 1863. 

f Diodorus, v. 21, 22., arid Sir H. % See Ly ell’s Principles of Geology, 
James, Note on Block of Tin dredged 9th ed. p. 760. 
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the Swiss lake^dwellings, and this scarcity is generally attributed 
by archceologists to the custom of burning the dead, which preyalled 
in the age of bronze. In the antecedent era of stone, the primitive 
population of the North are said to have buried their dead in sepul- 
chral vaults, carefplly constructed of large undressed blocks of stone. 
From such burial-places many skulls have been obtained by Scandi- 
navian ethnologists,, which show that the ancient race had small 
heads, remarkably rounded in every direction, but with a facial angle 
tolerably largo, and a well -developed forehead. (See figure 104.) 
Similar skulls have, according to Retzius, been discovered in France, 
Ireland, and Scotland, and they are so like those of the modern Lap- 
landers, as to have suggested the idea that the latter were the last sur- 
vivors of the stone period in the north of Europe. The Laplander^ 
have usually been considered as an extreme branch of the Mongolian 
race. 

The cranial type of the bronze age is not yet well* known, bur 
with the introduction of iron, the custom of burying the dead was 
resumed, and with it a new form of skull appears, resembling that 


Fig. 104. 


Fig. 105. 



now-a-days most common in Europe. As seen in fig. lOo., it is 
elongated fore and aft, has a forehead somewhat retreating, and 
corresponds with what is often called the Celtic type.* 


POST-PLIOCENE PERIOD. 

From the foregoing observations we may infer that the ages of 
iron and^ bronze in Northern and Central Europe were preceded by 
a stone age, referable to the recent division of the post- tertiary 
epoch, as determined by the organic remains which accompany the 
stone implements.* But memorials have of late been brought to light 
of a still older age of stone, when man was contemporary in Europe 
with the elephant and rhinoceros, and various other animals, of 
which many of the most conspicuous have long since died out. The 


^ Morlot, ibid. 
I 
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allavial aad marine deposits of this remoter age, the earliest to which 
any vestiges of man have yet been traced back, belong to a time 
when the physical geography of Europe differed in a more marked 
Aegree from that now prevailing than during the later part of the 
post-tertiary period, when the valleys and rivers coincided almost 
entirely with those by which the present drainage of the land is 
carried on, and when the peat-mosses were the same as those now 
' growing. So, also, the situation of the shell-mounds and lake- 
dwellings above alluded to is such as to imply that the topography 
of each district where they are observed has not subsequently under- 
gone any material alteration. In some exceptional cases, it is true, 
a marked change has been brought about by the rising or sinking of 
tlie qarth s crust in the neighbourhood of the sea, so that raised 
beaches occur at moderate heights rarely exceeding twenty-live feet 
above high-water mark ; or in other places submerged forests aro 
fc*een at low water, skirting the coasts ; and we may take for granted 
that similar or even greater movements have been experienced far 
inland within the same era, although we cannot recognise them, or 
appreciate their magnitude, for want of a standard of measureii ent 
such as that which the contiguity of the ocean affords. These 
movements, whether upward or downward, have affected somewhat 


Fig. 106. 



Recent and Post-pliocene alluvial deposits. 


1. Peat of the recent period. 

2. Gravel of modern river. 

Loam or brick-earth (loess) of same 
age as 2, formed by inundations of 
the river. 

3. liower-level valley-gravel with extinct 

mammalia (post-plioceiie). 

3'. Loam of same age. 


4. Higher level valley-gravel (post-plio- 
cene). 

4'. Loam of same age. 

6. Upland gravel of various kinds and 
periods, consisting in some places of 
unstratified boulder clay or glacial 
drift. 

6. Older rocks. 


uniformly very wide areas, so as not greatly to derange the local 
features of such an extent of country as the eye can embrace at one 
view. But we no sooner examine the post-pliocene formations in 
which the remains of so many extinct mammalia are found, than wo 
at onco perceive a more decided discrepancy between the former and 
present outline of the surface. Since those deposits originated, 
changes of considerable magnitude have been effected in the depth 
and width of many valleys, as also in the direction of the superficial 
and subterranean drainage, and, as is manifest near the sea-coast, in 
the relative position of land and water. In the annexed diagram, 
(fig. 106.) an ideal section is given, illustrating the different position 
which the recent and post-pliocene diluvial deposits occupy in many 
Europeau valleys. 
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The peat No. 1 has been found in a low part of the modern allu- 
vial plain, in parts of which gravel No. 2 of the r^ent period is 
seen. Over this gravel the loam or fine sediment 2^ has in many 
places been deposited by the river difring floods which covered 
nearly the whole alluvial plain. 

No. 3 represents an older alluvium, composed of sand and gravel, 
formed before the valley had been excavated to its present depth. 
It contains the remains of fluviatile shells of living species associated 
with the bones of mammalia, in part of recent and in part of ex- 
tinct species. Among the latter, the mammoth (E, primigenius) 
and Siberian rhinoceros (i?. tichorhinus) are the most common in 
Europe. No, 3' is a remnant of the loam or brick earth by which 
No% 3 was overspread. No. 4 is a still older and more eleVated 
terrace, similar in its composition and organic remains to No. 3, and 
covered in like manner with its inundation mud, 4'. Often there is 
only one of these valley gravels of older date, and occasionally there 
are more than two, marking as many successive stages in the exca- 
vation of the valley. They usually occur at heights varying from 
10 to 100 feet, sometimes on the right and sometimes on the left side 
of the existing river-plain, but rarely in great strength on exactly 
opposite sides of the valley. 

Among the genera of extinct quadrupeds most frequently met 
with in England, France, Germany, and other parts of Europe, are 
Elephas, Rhinocerosi Hippopotamus^ Equus, Megaceros, Ursus, 
Felis^ and IIga:na. In the peat No. 1 (fig. 106.) and in the more 
modern gravel and silt (No. 2 ), works of art of the ages of iron and 
bronze, and of what we may call the “later stone period,” already 
described, are met with. In the more ancient gravels, 3 and 4 (fig. 
106.), there have been found of late years in several valleys in France 
and England, as, for example, in those of the Seine and Somme, and 
of the Thames, and Ouse, near Bedford, stone implements of a rude 
type, showing that man coexisted in those districts Avith the elephant 
and other extinct quadrupeds of the genera above enumerated. 

Several geologists had come to the conclusion, about the close of 
the last and beginning of the present century, that certain human 
remains embedded in the mud and breccia of caves were as old as 
the extinct mammalia with which they were associated. But the 
evidence of such high antiquity was not generally received as satis- 
factory, seeing that soi many caves had been inhabited by a succession 
of tenants, and selected by man as places both of domicile and of 
sepulture, while suites of caverns have also served as the channels 
through which underground rivers have flowed ; so that the remains 
of living beings which peopled the district at more than one era 
may, at a later dalse, have been mingled and confounded together in 
one and the same deposit. But in 1847, M. Boucher de Perthes 
observed in an ancient alluvium at Abbeville, in Picardy, the bones 
of extinct mammalia associated ip such a manner with flint imple- 
ments of a rude type as to lead him to infer that both the organic re- 
mains and the works of art Avero referable to one and the same period. 



116 


DISCOVERIES AT AMIENS. 


[Ch. X. 


This inference, though questioned for a time, was soon confirmed by 
fresh observations made by Dr. Bigollot, at Amiens, and all doubts 
were finally cleared up in 18o9, by Mr, Prestwich, who found a flint 
tool in situ in the same stratum at Amiens that contained the remains 
of extinct mammalia. Greologists were, moreover, better prepared to 
accept such proofs of the coexistence of man with the ancient fauna 
in consequence of the more exact data obtained from the exploration 
of the Brixham cave in 1860, to be mentioned in the sequel. 

The flint implements found at Abbeville and Amiens are most of 
them considered to be hatchets and spear-heads, and are diflerent 
from those commonly called “ Celts.” These celts, so often found in 
the recent formations, have a more regular oblong shape, the result 
of gfiuding, by which, also a sharp edge has been given to them. The 
Abbeville tools found in gravel at different levels, as in Nos. 3 and 
4, fig. 106., in which bones of the elephant, rhinoceros, and other 
extinct mammalia occur, are always unground, having evidently 
been brought into their present form simply by the chipping off of 
fragments of flint by repeated blows, such as could be given by a 
stone hammer. 

Some of them are oval, others of a spear-headed form, no two 
exactly alike, and yet the greater number of each kind arc obviously 
fashioned after the same general pattern. Their outer surface is 
often white, the original black flint having been discoloured and 
bleached by exposure to the air, or by the action of acids, as they 
lay in the gravel. They are most commonly stained of the same 
ochreous colour as the flints of the gravel in which they are em- 
bedded. Occasionally their antiquity is indicated not only by their 
colour but by superficial incrustations of carbonate of lime, or by 
dendrites formed of oxide of iron and manganese. The edges also 
of most of them are worn, either by having been used as tools, or by 
having been rolled in the river’s bed. They are usually found at 
depths of from 15 to 25 feet from the surface, in gravel, cpvered by 
lo<am, and most of them near the bottom of the gravel, and not far 
from its contact with the subjacent chalk. They are met with not 
only in the lower-level gravels, as in No. 3, fig. 106., but also in No. 
4, or the higher gravels, as at St. Acheul, ij the suburbs of Amiens, 
where the old alluvium lies at an elevation of about 100 feet above 
the level of the river Somme. At both levels fluviatile and land- 
shells are met with in the loam as well as in the gravel, but there 
are no marine shells associated, except at Abbeville, in the lowest 
part of the gravel, near the sea, and a few feet only above the 
present high-water mark. Hero with fossil shells of living species 
are mingled the bones of Elephas primigetUus and E. antiquus^ 
Rhinoceros tichorhinus^ Hippopotamus^ Felis speldba^ Hpeena speloia, 
reindeer, and many others, the bones accompanying the flint imple- 
ments in such a manner ns to show that both were buried in the old 
alluvium at the same period. 

Nearly the entire skeleton of a rhinoceros was found at one point, 
namely, in the Menchecourt drift at Abbeville, the bones being in 
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such juxtaposition as to show that the cartilage must have held them 
together at the time of their inhumation. 

The general absence here and elsewhere of human bones from 
gravel and sand in whicii dint tools are discovered, may in some 
degree be due to the present limited extent of our researches. But 
it may also be presumed that when a hunter population, always 
scanty in numbers, ranged over this region, they were too wary to 
allow themselves to be overtaken by the floods which swept away 
many herbivorous animals from the low river-plains where they may 
have been pasturing or sleeping. Beasts of prey prowling about the 
same alluvial flats in search of food may also have been surprised 
more readily than the human tenant of the same region, to whom 
the signs of a coining tempest were better known. * 

In the very few instances in which we have good evidence in 
Europe of the occurrence of human remains in post^pliocene 
deposits, exclusive of those in caves, the fossil relics have been found 
at or near the lino of junction of the superficial loam (3^ 4', fig. 106.) 
with the underlying gravel. Thus M. Ami Boue, an experienced 
observer, disinterred with his own hands, in the valley of the Rhine 
ill 1863, parts of a human skeleton from the lower portion of a 
deposit of loam or loess 80 feet thick. This discovery was made at 
Lahr, a small town in the Grand Duchy of Baden, nearly opposite 
Strasburg, on the right side of the valley of the Rhine. They were 
shown at the time to ^Cuvier, and recognised by him as human.* 
One of them, a femur, first attracted notice as it projected from a 
perpendicular clilF of loess, forming the lowest of a succession of 
terraces, which had been excavated in the loam by the denuding 
power of the Schutter, a small tributary which at Lahr joins the 
great alluvial plain of the Rhine. The loam in which the bones 
were embedded is similar in mineral character to that of the great 
adjoining plain, and so continuous as to imply that the Rhine once 
flowed up into the valley of its tributary, and filled it to a con- 
siderable height with its muddy sediment, at the time when the 
skeleton was enveloped in it. 

Inmidation-mud of rivers, — Brick-earth, — Fluviatile loamy or loess, 
— As a general rule, th^fluviatile alluvia of diflerent ages (Nos. 2, 

3, 4, fig. 106.) are severally made up of coarse materials in their 
lower portions, and of fine silt or loam in their upper parts. For 
rivers are constantly shifting their position in the valley-plain, 
encroaching gradually on one bank, near which there is deep water, 
and deserting the other or opposite side, where the channel is 
growing shallower, being destined eventually to be converted into 
land. Where the current runs strongest, coarse gravel is swept 
along, and where its velocity is slackened, first sand, and then only 
the finest mud^ is thrown down. A thin film of this fine sediment 
is spread, during floods, over a wide area, on one, or sometimes on 
both sides, of the main stream, often reaching as far as the base of 


* Lycll, Antiquity of Man. Appendix 2ud and 3rd cd. 
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the bluffii or higher grounds which bound the valley. Of such a de- 
scription are the well-known annual deposits of the Nile, to which 
Egypt owes its fertility. So thin are they, that the aggregate amount 
accumulated in a century is said rarely to exceed five inches, 
although in the course of thousands of years it has attained a vast 
thickness, the bottom not having been reached by borings extending 
to a depth of 60 feet towards the central parts of the valley. 
Everywhere it consists of the same homogeneous mud, destitute of 
stratification — the only signs of successive accumulation being 
where the Nile has silted up its channel, or where the blown sands 
of the Libyan desert have invaded the plain, and given rise to 
alternate layers of sand and mud. 

The general absence of lamination in the loam of the Egyptian 
river-plain is probably owing to the thinness of the layer thrown 
down in a single year, and to its being exposed for eight months 
to drying wmds, or the rays of a hot sun. Parts of it are often 
swept in the form of dust from one region to another, and almost 
everywhere the soil is pierced by worms, insects, and the rootf of 
plants. Many geologists have been disposed to refer the absence 
of stratification in such formations to the sudden and tumultuous 
action of floods, by which dense masses of mud were thrown down 
rapidly and uninterruptedly; but I believe that the absence of 
divisional planes or marks of successive deposition has arisen, not 
from the want of intermittent action, but because the amount of 
annual deposit has been so slight, and because it has taken place 
on ground not permanently submerged. There may be found in 
deposits of this class examples of every gradation, from a stratified 
to an unstratified condition. 

In European river-loams we occasionally observe isolated pebbles 
and angular pieces of stone which have been floated by ice to the 
places where they now occur ; but no such coarse materials are met 
with in the plains of Egypt. Above and below the first cataract, an- 
cient river terraces composed of fluviatile deposits have been observed 
by Dr. Adams and others at various elevations above the present 
alluvial plain of the Nile. In these old river-formations — some of 
which are 30, others 100, and others severajg^hundred feet above the 
river — fossil shells, identical with species now living in the Nile, have 
been found. The probable causes of such alterations in the level of 
the river, and the successive filling up and re-excavation of the same 
hydrographical basin at difierent periods, will be presently spoken 
of. They are changes of a kind that cannot fail to result from great 
continental movements of subsidence and upheaval, such as we may 
safely assume that Egypt has undergone in the post-tertiary epoch, 
because the eastern shore of the Red Sea on one side, and the great 
desert of the Sahara on the other, have been converted from sea 
into land since the commencement of the Post-pliocene period. 

In some parts of the valley of .the Rhino the accumulation of 
similar loam, called in Germany ‘Hoess,” has taken place on an 
enormous scale. Its colour is yellowish-grey, and very homoge- 
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neous ; and Professor Bischoff bas ascertained, by analysis, that it 
agrees in composition with the mud of the Nile. Although for the 
most part unstratided, it betrays in some places marks of stratifica- 
tion, especially where it contains calcareous concretions, or in its 
lower part where it rests on subjacent gravel and sand which 
alternate with each other near the junction. About a sixth part of 
the whole mass is composed of carbonate of lime, and there is usually 
ail intermixture of fine quartzose and micaceous sand. 

Although this loam of the Bliine is unsolidified, it usually termi- 
nates where it has been undermined by running water in a vertical 
cliff, from the face of which shells of terrestrial, freshwater and 
amphibious mollusks project in relief. These shells do not imply 
the permanent sojourn of a body of fresh water on the spot, for the 
most aquatic of them, the Succinea^ inhabits marshes and wet grassy 
meadows. The Succinea elongata, (or <S. oblongay) fig. J07., is very 
characteristic both of the loess of the Rhine and of some other 
European river-loams. 

Among the land-shells of the Rhenish loess, Helix plebeia and Pupa 
muscorum are very common. 

Fig. 107. Fig. 108. Fig. 109. 

Succinea elongata. Pupa muscorum. Helix plebeia. 

Both the terrestrial and aquatic shells are of most fragile and 
delicate structure, and yet they are almost invariably perfect and 
uninjured. They must have been broken to pieces had they been 
swept along by a violent inundation. Even the colour of some of 
the land-shells, as that of Helix nemoralis^ is occasionally preserved. 

I observed the three fossils above figured in the upper fluviatile 
loam of the Saale, near Rudolstadt, in Thuringia, a river which fails 
into the 11m, and belongs to the basin of the Elbe. I have also 
seen loam like that of the Rhine at the Porta Westphalica, near 
Minden, at the height <4* 500 feet above the river-plain of the Weser, 
in which the same three shells were conspicuous. 

If in some places mollusks of purely aquatic species of such 
genera as Lymnea, Planorbis, and Paludina, occur near the base of 
the loess, they probably indicate ancient ponds and lakes marking 
the course of old deserted rivev channels, which were afterwards 
silted up. 

In parts of the valley of the Rhine, between Bingen and Basle, 
the fiuviatile loam or loess now under consideration is several hundred 
feet thick, and contains here and there throughout that thickness laud 
and amphibious shells. As it is seen in masses fringing both sides of 
the great plain, and as occasionally remnants of it occur in the centre 
of the valley, forming hills several hundred feet in height, it seems 
necessary to suppose, firsts a time when it slowly accumulated ; aud 
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secondly, a later period, when large portions of it were removed, 
or when the original valley, which had been partially filled up with 
was re-excayated* 

Such changes may have been brought about by a great movement 
of oscillation, consisting first of a general depression of the land, 
and then of a gradual re-elevation of the same. The amount of 
continental depression which first took place in the interior, must 
be imagined to have exceeded that of the region near the sea, in 
Avhich case the higher part of the great valley would have its alluvial 
plain gradually raised by an accumulation of sediment, which would 
only cease when the subsidence of the laud was at an end. If the 
direction of the movement was then reversed, and, during the re- 
elevation of the continent, the inland region nearest the mountains 
shou)4 rise more rapidly than that near the coast, the river would 
acquire a denuding power suifieient to enable it to sweep away 
gradually nearly all the loam and gravel with which parts of its 
basin had been tilled up. Terraces and hillocks of mud and sand 
would then alone remain to attest the various levels at which the 
river had thrown down and afterwards removed alluvial matter. 

Post- pliocene lake-terraces in Switzerland , — In Switzerland ter- 
races of drift are found at ditFerent levels above the present rivers 
and lakes, which correspond to the older gravels (Nos. 3 and 
4, tig. 106.) and they contain the remains of the mammoth, reindeer, 
and other mammalia, many of them extinct or no longer inhabitants 
nf Europe ; together with shells, all of them of species still living. 
Skirting the Lake of Geneva are the deltas of numerous torrents 
which bring down mud, sand, and pebbles to the lake, so as to make 
annual additions to the littoral accumulations. If,” says M. Movlot, 
“ wo follow up the course of any of these streams to the height of 
loO feet above the lake, we encounter another and more ancient 
delta, about ten times as large, evidently the monument of a more 
protracted period, when the water stood for ages at that higher level, 
and when the physical geography of the country differed consider- 
ably from that now established. 

One of the deltas of transported matter, or, as M. Morlot styles 
them, fiattened cones, is seen at the mouth of the Tinicre, a torrent 
which enters the lake on its south side, near Villeneuve. Its Internal 
structure has been laid open by a railway cutting, which has exposed 
to view three layers of vegetable soil, each of which has once 
formed the surface of the delta. For that part of the cone which is 
above the level of the lake is for tKe most part covered with vege- 
tation, as are generally the higher and unsubmerged parts of all 
river deltas. Hie uppermost of these old buried soils, about five 
feet deep irom'the present surface, contained Roman tiles and a coin ; 
in the soil next below, six inches thick and ten feet from the surface, 
were found pottery and instruments of the bronze epoch ; and in 
the third soil, which was half a foot thick and nineteen feet deep, 
pottery, pieces of charcoal, bones, and a human skeleton having a 
small, round, and very thick skull, of the brachycephalous type, (hg. 
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104., p. 113.). M. Morlot estimates the Bornau relicsas about sevmH 
teen centuries old, those of the bronze age between 3000 and 4000 
years, and those of the stone period from 5000 to 7000 years# To 
the entire delta he ascribes an antiquity of about 10,000 years, 
.while he conjectures that the higher cone or delta, which is ten 
times as large, may have taken about 100,000 years for its formation. 
It contains, as above stated, the remains of the mammoth, and is 
probably contemporaneous^ in the geological sense of the term, with 
the gravels of Amiens and Abbeville, from which so many flint 
implements of an antique type have been extracted. The above 
calculation does not pretend to be more than a rude approximation 
to the truth. Ancient as are the upper terraces when compared to 
historical times, they are certainly post-glacial, or more moderh than 
the glacial period, which will be treated of in the next chapter. In 
other words, the Alpine glaciers had already shrunk nearly into 
their present contracted limits before even the higher deltas, con- 
taining the mammoth bones, were formed. 

Upraised marine strata with pottery in Sardinia. — The most 
elevated marine strata of the Post-pliocene period in Europe, in 
which articles of human workmanship have yet been noticed, are 
those observed on the south coast of Sardinia, near Cagliari, so 
well described by Count Albert do la Marmora. They consist of a 
breccia, containing fragments of limestone and numerous shells of 
living Mediterranean species, such as the eatable oyster and mussel, 
with both valves united. Among these shells, pieces of pottery of a 
very rude kind are dispersed. They are traceable to a height of 
300 feet above the sea. In the vegetable soil covering such marine 
strata, fragments of a more modern or Roman pottery have been 
found. There are also in the rocks of the same district numerous 
Assures filled with breccia, containing the remains of terrestrial 
quadrupeds, some of them of extinct species. These breccias, 
although very ancient, as shown by the mammalian bones, are more 
modern than the marine post-pliocene strata with pottery above- 
mentioned, for some of the shells, the Mytilus edulis for example, 
washed out of the older formation, have been mingled in the fissures 
with bones of the extinct quadrupeds.* 

There are examples in Europe of marine strata characterized in 
like manner by embedded shells of living species which reach eleva- 
tions far exceeding those of Cagliari, but in which no human bones 
or works of art have yet been discovered. 


CAVERN DEPOSITS CONTAINING HUMAN REMAINS AND BONES OP 
• EXTINCT ANIMALS. 

In England, and in almost all countries where limestone rocks 
abound, caverns are found, usually consisting of cavities of large 
dimensions, connected together by low, narrow, and sometimes 
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tortaoas galleries or tunnels. These subterranettn vaults are usually 
filled in part with mud, pebbles, and breccia, in which bones occur 
belonging to the same assemblage of animals as those characterizing 
the post-pliocene alluvia above described. Some of these bones are 
referable to extinct and others to living species, and they are occa-, 
sionally intermingled, as in the valley gravels, with implements of 
one or other of the great divisions of the stone age, and these are 
not unfrequently accompanied by human bones, which are much 
more common in cavern deposits than in valley alluvium. 

Each suite of caverns, and the passages by which they communi- 
cate the one with the other, afford memorials to the geologist of at 
least three successive phases through which the physical geography 
of the*country where they occur must have passed. First, there was 
a period when limestone rocks were dissolved on a great scale, and 
when the carbonate of lime was carried out gradually by springs 
from the interior qf the earth ; secondly, an era when engulfed 
rivers or occasional floods swept organic and inorganic debris into 
the subterranean hollows previously formed ; and thirdly, there wer<,* 
such changes in the configuration of the region as caused the en- 
gulfed rivers to be turned into new channels, and springs to be 
dried up, after which the cave-mud, breccia, gravel, and fossil 
bones would bear the same kind of relation to the existing drainage 
of the country as the older valley drifts with their extinct mam- 
malian remains and works of art bear to the present rivers and 
alluvial plains. 

In the first of the periods above supposed the operations are en- 
tirely subterranean. We know that in every limestone district the 
rain water is soft or free from earthy ingredients when it falls upon 
the soil, and when it enters the rocks below, whereas it is hard, 
or charged with carbonate of lime, when it issues again to the sur- 
face in springs, which, by failing after long droughts, and by in- 
creasing in volume after rainy seasons, betray their dependence for 
a supply of water on atmospheric sources. The rain derives some 
of its carbonic acid from the air, but much more from the decay of 
vegetable matter in the soil which it percolates, and by the excess 
of this acid, limestone is dissolved, and the water becomes charged 
with carbonate of lime. The mass of solid matter silently and un- 
ceasingly subtracted in this way from the rocks in every century is 
considerable, and must in the course of thousands of years be so vast 
that the space it once occupied may well be expressed by a long suite 
of caverns. The varying size and sh^pe of these will be determined 
by innumerable local accidents, such as the direction of pre-existing 
rents and faults, or the unequal purity and consequent solubility of 
the limestone in- difierent strata, or in different parts of the same 
stratum. 

If there be a series of convulsions and movements of upheaval and 
depression, during which old valleya are gradually deepened and 
widened, or new ones formed, ^accompanied by the rending of rocks 
in many places, the surface drainage may in time be so altered that 
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streams sweeping sngttlar and rounded stones may break into 
cavities once having no such connexion with the surface. Such 
streams may introduce fine mud, or angular and rounded pebbles 
and land-shells, with portions of skeletons of various quadrupeds, or 
of man, together with fragments of works of art, and fill up a large 
part of the underground rents, galleries, and chambers with hetero- 
geneous materials. The whole of these may sometimes be united 
into solid breccias and conglomerates by stalactitic infiltrations. 

In the descriptions given of violent earthquakes we read of the 
sudden appearance of new fissures several feet wide, often of great 
depth, and some of which remain permanently open. Wild animals 
chased by beasts of prey fall into such natural pit-falls ; the pursued 
and the pursuer perishing together. Their bones, during the slow 
decay of the carcase, may be carried separately into subterranean 
vaults, or many of them still bound together by ligaments ; even 
entire skeletons may sometimes be washed into ^aves and be there 
preserved. 

The quarrying away of large masses of Carboniferous and Devo- 
nian limestone, near l^iege, in Belgium, has afforded the geologist 
magnificent sections of some of these caverns, and the former Com- 
munication of cavities in the interior of the rocks with the old sur- 
face of the country by means of vertical or oblique fissures, has been 
demonstrated in places where it would not otherwise have been 
suspected, so completely have the upper extremities of these fissures 
been conceiiled by superficial drift, while their lower ends, which 
extended into the roofs of the caves, are masked by stalactitic 
incrustations. 

The origin of the stalactite is thus explained by the eminent 
chemist Liebig. On the surface of Franconia, where the limestone 
abounds in caverns, is a fertile soil, in which vegetable matter is 
continually decaying. This mould or humus, being acted on by 
moisture and air, evolves carbonic acid, which is dissolved by rain. 
The rain water, thus impregnated, permeates the porous limestone, 
dissolves a portion of it, and afterwards, when the excess of carbonic 
acid evaporates in the caverns, parts with the calcareous matter, and 
forms stalactite. Even while caverns are still liable to be occa- 
sionally fiooded such calcareous incrustations accumulate, but it is 
generally when they are no longer in the line of drainage that a 
solid fioor of hard stalagmite is formed on the bottom. On the 
whole, the circumstances under which an organic body is usually 
introduced into a cave are far more favourable to its preservation 
than those which accompany its envelopment in valley-alluvium ; 
for where the mud or stones are connected together by carbonate of 
lime, the free percolation of water, and consequent decay and re- 
moval of the bones or shells, are arrested. 

The late Dr. Schmerling examined forty caves near Li^ge, and 
found in all of them the reqiains of the same fauna, comprising 
the mammoth, tichorhine rhinoceros, cave-bear, cave-hymna, cave- 
lion, and many others, some of extinct and some of living species. 
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and in all of them flint implements. In four or five caves only parts 
of human skeletons were met with, comprising sometimes skulls with 
a few other bones, sometimes nearly every part of the skeleton except 
the skulL In one of the caves, that of Engihoul, where Schmerling 
had found the remains of at least three human individuals^ they were 
mingled in such a manner with bones of extinct mammalia, as to 
leave no doubt on his mind of man having coexisted with them. 

In 1860, Professor Malaise, of Liege, explored with me this same 
cave of Engihoul, and beneath a hard floor of stalagmite we found 
mud full of the bones of extinct and living animals, such as Schmer- 
ling had described, and my companion persevering in his researches 
after I had returned to England, extracted from the same deposit 
two human lower jaw-bones retaining their teeth. The skulls from 
these Belgian caverns display no marked deviation from the normal 
European type of the present day. One of them, for example, 
obtained by Schmerling from the Engis pave, situated on the left 
bank of the Meuse, "^is now preserved in the museum of the Uni- 
versity of Liege, and agrees with the long-headed type (fig. !()•> , 
p. 113.), and not with the short round form which seems, in Scan- 
dinavia at least, to have been the more ancient of the two. 

The careful investigations carried on by Dr. Falconer, Mr. 
Pengelly, and others, in the Brixham cave near Torquay, in 1858, de- 
monstrated that flint knives were there embedded in such a manner 
in loam underlying a floor of stalagmite as to prove that man had 
been an inhabitant of that region when the cave-bear and other 
members of the ancient post-pliocene fauna were also in existence. 

The certainty of tlie data on which this conclusion was founded 
had no small influence in inducing many English and French geolo- 
gists to appreciate more justly the opinion at which M. Boucher de 
Perthes had arrived after his researches at Abbeville before men- 
tioned, which were still regarded by the scientific public in general 
with scepticism and suspicion. 

The absence of gnawed bones had led Dr. Schmerling to infer 
that none of the Belgian caves which he explored had served as the 
dens of wild beasts ; but thei’e are many caves in Germany and Eng- 
land which have certainly been so inhabited, especially by the 
extinct hyaena and bear. 

A fine example of a hysena’s den was afforded by the cave of 
Kirkdale, so well described by the late Dr. Buckliaud in his UeliquicB 
Diluviance, In that cave, about twenty-five miles NNE. of York, 
the remains of about 300 hyaenas, belonging to individuals of every 
age, were detected. The species {^Hyasna spel^Bo) is extinct, and 
was larger than the fierce Ilycena crocula of South Africa, which it 
most resembled. Dr. Buckland, after carefully examining the spot, 
proved that the hyaenas must have lived there ; * a fact attested by 
the quantity of their dung, which, as in the case of the living liyasna, 
is of nearly the same composition as bone, and almost as durable. In 
the cave were found the remains of the ox, young elephant, hippo- 
potamus, rhinoceros, horse, bear, wolf, hare, water-rat, and several 
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birds. All the bones have the appearance of having been broken 
and gnawed by the teeth of the hyjenas ; and they occur confusedly 
mixed in loam or mud, or dispersed through a crust of stalagmite 
which covers it. In these and many other cases it is supposed that 
portions of herbivorous quadrupeds have been dragged into caverns 
by beasts of prey, and have served as their food — an opinion quite 
consistent with the known habits of the living hyaena. 

Reindeer period in South of France. — In the larger number of 
the caves of Europe, as for example in those of England, Belgium, 
Germany, a^d many parts of France, the animal remains agree 
specifically with the fauna of the oldest division of the age of stone, 
or that to which belongs the drift of Amiens and Abbeville already 
mentioned, containing flint implements of a very antique type.* But 
there are some caves in the departments of Dordogne, Aude, and 
other parts of the South of France, which are believed by M. Lartet 
to be of intermediate date,between that ancient <^ivision'of the stone 
age and the more modern one which is represented by the Swiss 
lake-dwellings. To this intermediate era M. Lartet gave, in 1863, 
the name of the ‘‘ reindeer period,'* because vast quantities of the 
bones and horns of that deer have been met with in those French 
caverns. In some cases separate plates of molars of the mam- 
moth, and several teeth of the great Irish deer, Cervus Megaceros^ 
have been found mixed up with cut and carved bones of 
reindeer; but whether these extinct quadrupeds were really con- 
temporaneous at the era in question with man and the reindeer, is 
not yet clearly made out. Although the mammalian fauna con- 
sists of living species, the presence of the reindeer, marmot, and 
some other northern animals, seems to imply a colder climate than 
that of the Swiss lake-dwellings, in which no remains of reindeer 
have as yet been discovered. The absence of these in the old la- 
custrine habitations of Switzerland is the more significant, because 
in a cave in the neighbourhood of the Lake of Geneva, namely, that 
of Mont Saleve, bones of the reindeer occur with flint implements 
similar to those of the caverns of Dordogne and Perigord. 

The state of the arts, as exemplified by the instruments found in 
these caverns of the reindeer period, is somewhat more advanced 
than that which characterises the tools of the Amiens drift, but is 
nevertheless more rude than that of the Swiss lake-dwellings. No 
metallic articles occur, and the stone hatchets are not ground after 
the fashion of celts ; but some of the bones are artistically carved, 
so as to represent animals ; and the needles of bone are shaped in 
a workmanlike Style, having tlieir eyes drilled with consummate 
skill. 

Australian cate-breccias . — Ossiferous breccias are not confined to 
Europe, but occur in all parts of the globe ; and those discovered in 
fissures and caverns in Australia correspond closely in character 
with what has been called th§ bony breccia of the Mediterranean, 
in which the fragments of bone and rock are firmly bound together 
by a red ochreous cement. 
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Some of these caves were examined by the late Sir T. Mitchell in 
the Wellington Valley, about 210 miles west of Sidney, on the river 
Bell, one of the principal sources of the Macquarie, and on the 
Macquarie itself. The caverns often branch off in different direc- 
tions through the rock, widening and contracting their dimensions, 
and the roofs and floors are covered with stalactite. The bones aro 
often broken, but do not seem to be water-worn. In some places 
they lie embedded in loose earth, but they are usually included in a 
breccia. 


Fig. 110. 



Tare of lower jaw oi Maaopus alias, Owen. A young individual of an extinct species. 
a. Permanent false molar, in thealveolus. 


Til# remains found most abundantly are those of the kangaroo, 
of which there are four species, besides which the genera Ilypsi- 
prymnuSy Phalangista^ PhascolomySy and Dasyurusy occur. There 
arc also bones, formerly conjectured by some osteologists to belong 
to the hippopotamus, and by others to the dugong, but which aro 
now referred by Mr. Owen to a marsupial genus, allied to the 
I'VombaL 


Fig. ni. 



Lower jaw of largeit living speciee of kangaroo. * . 
{Macropus mtOor,) 


In the fossils above enumerated, several species are larger than 
the largest living ones of the same genera now known in Australia. 
The preceding figure of the right side of a lower jaw of a kangaroo 
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{Macropus atlas^ Owen) will at once be seen to exceed in magnitude 
the corresponding part of the largest living kangaroo, which is 
represented in fig. Ill- In both these specimens part of the sub- 
stance of the jaw has been broken open, so as to show the permanent 
false molar (a. fig. 110.) concealed in the socket. From the fact of 
this molar not having been cut, we learn that the individual was 
young, and had not shed its first teeth. In fig. 112. a 
front tooth of the same species of kangaroo is repre- 
sented. 

The reader will observe that all these extinct qua- 
drupeds of Australia belong to the marsupial family, 
or, in other words, that they are referable to the same 
peculiar type of organization which now distinguishes 
the Australian mammalia from those of other parts of 
the globe. This fact is one of many pointing to a 
general law deducible from the fossil vertebrate and 
invertebrate animals of times immediately antecedent 
to our own, namely, that the present geographical 
distribution of organic forms dates back to a period 
anterior to the origin of existing species; in other 
words, the limitation of particular genera or families 
of quadrupeds, mollusca, &c., to certai^ existing provinces of land 
and sea, began before the larger part of the species now contempo- 
rary with man had been introduced into the earth. 

Professor Owen, in his excellent History of British Fossil Mam- 
mals,” has called attention to this law, remarking that the fossil 
i|uadrupeds of Europe and Asia differ from those of Australia or 
South America. We do not find, for example, in the Europaeo- 
Asiatic province fossil kangaroos or armadillos, but the elephant, 
rhinoceros, horse, bear, hyasna, beaver, hare, mole, and others, which 
still characterise the same continent. 

In like manner, in the Pampas of South America the skeletons of 
Megatherium, Megalonyx, Glyptodon, Mylodon, Toxodon, Macrau- 
chenia, and other extinct forms, are analogous to the living sloth, 
armadillo, cavy, capybara, and llama. The fossil quadrumana, also 
associated with some of these forms in the Brazilian caves, be- 
long to the Platyrrhine family of monkeys, now peculiar to South 
America. That the extinct fauna of Buenos Ayres and Brazil was 
very modern has been shown by its relation to deposits of marine 
sliells, agreeing with those now inhabiting the Atlantic ; and when 
in Georgia in 1845, I ascertained that the Megatherium, Jilylodon. 
Equus curvidensy and other quadrupeds allied to the Pampean type, 
collected by Mr. Hamilton Couper, were posterior in date to beds 
containing marine shells belonging to forty-five recent species of the 
neighbouring sea. 

There are indeed some cosmopolite genera, such as the Mastodon 
(a genus of the elephant family) and the horse, which were simul- 
taneously represented by diffefent fossil species in Europe, North 
America, and South America ; but these few exceptions can by no 
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means invalidate the rule which has been thus expressed by Professor 
Owen, that in the highest organized class of animals the same 
forms were restricted to the same great provinces at the Pliocene 
periods (and we may add Post-pliocene) as they are at the present 
day.” 

However modern, in a geoloorical point of view, wo may consider 
the Newer Pliocene and Post-pliocene epochs, it is evident that 
causes more general and powerful than the intervention of man 
have occasioned the disappearance of the ancient fauna from *80 
many extensive regions. Not a few of the species had a wide range ; 
the same Megatherium, for instance, extended from Patagonia and 
the river Plata in South America, between latitudes 31° and 39° 
south, to corresponding latitudes in North America, the same animal 
being also an inhabitant of the intermediate country of Brazil, 
where its fossil remains have been met with in caves. The mammoth 
{Elephas prlmigenius) has been likewise found fossil in North Ame- 
rica, and again in the eastern hemisphere from Siberia to the south 
of Europe. If it be objected that, notwithstanding the adaptation 
of such quadrupeds to a variety of climates and geographical con- 
ditions, their great size exposed them to extermination by the first 
hunter tribes, we may observe that the investigations of Lund and 
Clausen in the ossiferous limestone caves of Brazil have demon- 
strated that these largo mammalia were associated with a great 
many smaller quadrupeds, some of them as diminutive as field-mice, 
which have all died out together, while the land-shells formerly 
their contemporaries still continue to exist in the same countries. 
As we may feel assured that these minute quadrupeds could never 
have been extirpated by man, especially in a country so thinly 
peopled as Brazil, so we may conclude that all the species, small and 
great, have been annihilated one after the other, in the course of 
indefinite ages, by those changes of circumstances in the organic 
and inorganic world which ai'o always in progress, and are capable 
in the course of time of greatly modifying the physical geography, 
climate, and all other conditions on which the continuance upon the 
earth of any living being must depend.* 

The law of geographical relationship above alluded to, between 
the living vertebrata of every great zoological province and the 
fossils of the period immediately antecedent, even where the fossil 
species are extinct, is by no means confined to the mammalia. New 
Zealand, when first examined by Europeans, was found to contain 
no indigenous land quadruped.?, no kangaroos, or opossums, like 
Australia ; but a wingless bird abounded there, the smallest living 
representative of the ostrich family, called the Kiwi by the natives 
(^Apteryx), In the fossils of the Post-pliocene period in this same 
island, there is the like absence of kangaroos, opossums, wombats, 
and the rest; but in their place a prodigious numl>er of well-pre- 
served specimens of gigantic birds of the struthious order, called by 


* See Principles of Geology, chaps, xli. to xliv. 
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Owen Dinomis and Palapteryx^ which are entombed in superficial 
deposits. These genera comprehended many species, some of which 
were four, some seven, others nine, and others eleven feet in height ! 
It seems doubtful whether any contemporary mammalia shared the 
land with this population of gigantic feathered bipeds. 

Mr. Darwin, when describing the recent and fossil mammalia of 
South America, has dwelt much on the wonderful relationship of the 
extinct to the living tyqps in that part of the world, inferring from 
such geographical phenomena that the existing species are all re- 
lated to the extinct ones which preceded them by a bond of common 
descent. 

The late able naturalist, Edward Forbes, had declared in 1846 his 
conviction that, not only the great extinct deer, Cervtis mega^eros^ 
but also the mammoth, and other lost pachyderms and carnivora, 
lived in Britain after the extreme cold of the glacial period had 
l^assed away.* More recent observations by Mr, Prestw^ch and Dr. 
Falconer, on the fossil contents of the drift and cave deposits of 
England, have confirmed this opinion, and have also proved that a 
larger number of the lost species than Forbes probably suspected 
Avere posterior in date to the submergence of central England beneath 
the waters of the glacial sea — an event which will be spoken of in 
the twelfth chapter. Mr. Prestwich has pointed out^that there are 
some contortions of the strata in the higher level gravels of the Seine 
and Somme which indicate ice-action, such as might be caused by 
the freezing over of the rivers in winter, as now happens in corres- 
ponding latitudes in Canada. As these higher-level gravels, which 
contain human implements mingled with remains of extinct mam- 
malia, approach in age to the glacial period in proportion as they 
recede to a greater distance from our time, it is natural that we 
should discover in them some indications of a colder climate. Ac- 
cordingly, in addition to the disturbed stratification, a phenomenon 
to which I shall again allude in the sequel, p. 155., the large dimen- 
.sions of many angular fragments of rock buried in the higher gravel, 
and which have been transported from great distances in the same 
hydrographical basins, afford corroborative indications of ice-action. 

If it be asked whether the character of the fiuviatile and land- 
shells of the same post-pliocene drifts also implies a colder climate, 
it may be said that they arc generally of the same species as those 
now inhabiting the same districts, but most of them have now so 
wide a northward range into Norway and Finland, that they may 
perhaps have flourished when the cold, especially in winter, was 
greater than now. But when wd contemplate the whole of the evi- 
dence as to climate derived from a wide area in Europe, Ave find it 
to be very conflicting, owing possibly to post-glacial fluctuations in 
temperature, occasioning the migrations of quadrupeds from north 
to south and from south to north, during different seasons of the 

* Memoirs of Geof. Survey, pp. 394. 397. 
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same year, or during successive singes of the same era. The rein- 
deer and the musk-buffalo, Bttbalus moschatus, are well known as 
living inhabitants of the Arctic regions, and they both occur fossil 
in the valley of the Thames, and in that of the Avon, near Bathcaston, 
as well as in the drift of the valley of the Oise, a tributary of the* 
Seine. The same buffalo hijp also been met with in the post-pliocein* 
drift of North Germany, at the gates of Berlin, where, as in England, 
it accompanied the mammoth, JElephas ^imigenim^ and the two- 
lionied, or woolly rhinoceros, /?. Hchorhinus. The* last-mentioned 
mammalia were both of* them found by Pallas preserved with their 
flesh in the frozen gravel of Siberia, and they have also been met 
with in the drift of North Germany, near Quedlinburg, associated 
'with the Norwegian lemming, Myodes hmmus, and another species 
of the same family, called by Pallas Myodes torquatm (by Ilensel 
Misothermus torquatus\ a still more Arctic quadruped, for it was 
observed b*y Parry in lat. 82® N., and is said never to stray farther 
south than the northern borders of the woody region. 

No instance has yet occurred in North Germany of the associa- 
tion of these lemmings, reindeer, and musk-buffalos, with the hippo- 
potamus. When the latter genus occurs in England, it is usually 
accompanied by Elephas antiqum, and Rhmoccros hemitcechos (¥9.\r.)y 
or sometimes .with Rhinoceros leptorhinus. 

At Gray’s Thurrock, in Essex, on the left or north bank of the 
Thames, where the three puchyderms last enumerated arc fouml 
together, a fossil shell, Cyrena JiumindliSy is abundant, which no 
longer lives in any European river, but still inliabits the Nile and 
parts of Asia. With it, in the same sand and gravel, the Unio 
hftoralis occurs, now extinct in Britain, but still living in the Seine 
and Loire in France. It may be contended that when the Cyrena 
fluminalis abounded in the Thames, the hippopotamus may have 
been suited to the same climate, just as the same mollusk and the 
living hippopotamus now coexist in the Nile. We may doubtless 
imagine that during the countless centuries which may have passed 
away since the glacial epoch, there have been oscillations of tempe- 
rature, in the course of which certain members of a more southern 
fauna migrated northwards, and then retreated again when a suc- 
cession of less genial seasons prevailed, while other migrations in an 
opposite direction took place whenever there was a change from a 
warmer to a colder climate. 

In the Valley of the Somrne the rude flint tools before mentioned, 
page 116., have been found at Menchecourt, near Abbeville, asso- 
ciated with the Cyrena flumindUsy and with the Hippopotamus 
major. These were met with in the lower level post-pliocene 
gravel, and may be referable, as Mr. Prcstwich has suggested, to a 
period when the climate was somewhat warmer than that of the 
higher level drift of this same valley. It is in that higher and older 
drift at St. Acheul, near Amiens, that flint implements have been 
found in the greatest number, togetficr with the bones of the elephant 
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and other, post-pliocene quadrupeds, so that man must have existed 
through several successive phases of the geography and climate of 
that region in prehistoric times. 

In 1863, several individuals of the Greenland lemming, and 
several of a new species of Spermophilus, an arctic type allied to 
the marmot, were found by Dr. Blackmore in the ancient alluvium 
of the Wiley near Salisbury, in lower level drift, rising about thirty 
feet above the present water meadows. They were associated with the 
mammoth, ticliorine rhinoceros, cave hyaena, reindeer, and many other 
mammalia, probably suited, like them, to a cold climate. In the im- 
mediate vicinity occurs a higher level gravel, ninety feet above the 
Wiley, from which flint implements, much rolled and resembling some 
of those at Amiens, have been obtained. After examining the spot, 
I agree with Dr. Blackmore, that these flint tools, and the gravel 
in which they are embedded, are older than the deposits^ containing 
the extinct mammalia, so that in this instance we cannot suppose, 
as in the case of Menchccourt above alluded to, that the fossils of 
the more modern or lower level deposit indicate a more genial 
climate. 

Nearly all the known post-pliocene quadrupeds liave now been 
found either in valley drifts or cave deposits in England or on the 
Continent, accompanying flint knives or hatchets in such a way as 
to imply the co-existence of the same mammalia with man. The 
antiquity, therefore, of the human race may be inferred from the 
concurrent testimony of several independent classes of geological 
facts. In the first place, the disappearance of many wild animals 
from a large continent, even where man has been an active agent of 
extermination, must always require a considerable lapse of time for 
its accomplishment ; indeed, before the invention of fire-arms, it is 
hard to say how many centuries it would take to bring about such 
utter extirpation. Yet there can be no doubt that many species be- 
came extinct after man was a denizen of the earth, and before the 
Danish shell-mounds were formed, or the oldest of the Swiss lake- 
dwellings constructed. Secondly, thousands of years must have 
been required to enable rivers to deepen and widen their valleys, and 
to grind down fragments of rock into mud, sand, and pebbles, on such 
a scale as to produce the old valley gravels, both higher and lower, 
containing flint implements and the bones of extinct mammalia. 
Thirdly, much time is also demanded to enable springs and engulfed 
rivers to change their courses, and for caves which once lay in the 
lino of a great subterranean drainage to become dry, and to have 
their floors encrusted over with ^ hard covering of stalagmite. 
Lastly, ages must have been required to bring about such*a change 
in the climate of a Wide region ^ to cause the winters to be less severe, 
and the geographical distribution of certain species of mammalia and 
land and freshwater shells to vary. The length of the historical 
epoch, even if assumed to be 3000 or 4000 years, does not furnish us 
with any appreciable measure for calculating the number of centuries 
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which would suffice for such a series of changes, which are by 
no means of a local character, but have already been traced from 
England and the North-west of France to Sardinia and Sicily. 

Relative longevity of species in the mammalia and testacea.— 
I called attention in 1830* to the fact which had not at that time 
attracted notice, that the association in the post-pliocene dep<»sits of 
shells, exclusively of living species^ with manjr extinct quadrupeds, 
betokened a longevity of species in the testacea far exceeding that 
in the mammalia. Subsequent researches seem to show that this 
i:;reater duratii»n of the same specific forms in the class mollusca is 
dependent on u still more general law, namely, that the lower the 
.grade of animals, or the greater the simplicity of their structure, the 
more persistent are they in general in their specific characters 
throughout vast periods of time. Not only have the iiivertebrata, 
as shown by geological data, altered at a less rapid rate than the 
vertebrata, but if we take one of the classes of the former, as for 
example the mollusca, we find those of more simple structure to have 
varied at a slower rate than those of a higher and more complex 
organisation ; the brachiopoda, for example, more slowly than the 
Lamellibranchiate bivalves, while the hatter have been more persistent 
than the univalves, whether gasteropoda or cephalopoda. In like 
manner the specific identity of the characters of the foraminifera 
which are among the lowest types of the invertebrata has outlasted 
that of the mollusca in an equally decided manner. 

Teeth of post'- pliocene mammalia, — To those who have never 


a 



r.lt'phas ^rimigenius (ur Mammoth) ; molar of upper jaw, right side ; one third of nat. size. 
Pust"pUocene. a. grinding surface. 4 6. side view. 

studied comparative anatomy, it may seem scarcely credible that a 
single bone taken from any part of the skeleton may enable a skilful 
osteologist to distinguish, in many cases, the genus, and sometimes 
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the species, of quadruped to which it belonged. Although few geo- 
logists can aspire to such knowledge, which must be the result of 
long practice and study, they will nevertheless derive great advan- 
tage from learning, what is comparatively an easy task, to distinguish 
the principal divisions^f the mammalia by the forms and characters 
of their teeth. 

The annexed figures represent the teeth of some of the more 
common species and genera founi^ in alluvial and cavern deposits. 

Fig. 113. 



JRhinoceros UpiorhinuSt Cu- 
vier s= Rhtn.menarhinusy 
Christol; fossil from flresh- 
waiter beds of Grays, Essex 
(seep. 130.): penultimate 
molar, lower jaw, left side ; 

1 two-thirds of nat. size. 
Post-pliocene and Newer 
pliocene. 


Rhinoceros tichorhinus. ; pe- 
nultimate molar, lower 
jaw, left side ; two-thirds 
of nat. size. iPost-plioceue. 


Hippopotamus; from cave 
near Palermo ; molar 
tooth ; two-thirds ot nat. 
size. Post-pliocene. 
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On comparing the grinding surfaces of the corresponding molni's 
of the three species of elephants, figs. 112 a, 113, 114., it will be seen 
that the folds of enamel are most numerous in the mammoth, fewer 
and wider, or more open, in E. antiquus ; and most open an4 fewest 
in E, meridionalis. It will be also seen tKat the enamel in the 
molar of the rhinoceros tichoriiius (fig. 116.) is much thicker than 
in that of the rhinoceros leptorhinus (fig. 115.). 


Fig. ns. 



Pig. 

A‘i /5 scru/itf L. (common 
from shcli-tiiurl, 
Forfarshire ; posterior mo- 
lar, lower jau, iiat. size. 
Ueceut 


Fig, 119, 


ft 



Horse. 

Equus caballus, L. (common horse); 
from ibe shell-marl, Forfarshire; se- 
cond molar, lower jaw. Ueient. 

a. grinding surface, two-thirds nat. size. 

b. bide view of same, half nat. size. 


Fig. 120. 



a, b. Deer. 

Elk (CervM alcety L.) ; recent ; 
molar of upper jaw. 

а. grinding surface. 

б. .Hide view j two-thirds of nat* 

size. 


Fig. 121. 



c. d. Ox, 

Ox, common, from slieil-marl, Forfar. 
. shire ; true molar, upper jaw *, two- 
thirds nat. size. Recent. 

c. grinding surface. 

d. side view ; fangs uppermost 
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Bear. 

it canine tooth or titsC of bear ( 

tpclavs ) ; from care near I.idge. 
b. molar of left side, upper jaw « one- 
ihird of nat. size. Post-pliocene. 


m 


Fig. 123. 



Tiger. 

r. canine tooth of tiger ( Felt's hgrtt ) ; 

recent. , 

d outside view of posterior molar, 
lower jaw; one-third of nal. size ; 
recent. 


Fig. 124. 



Hy<pna tpelaaf lower jaw. Kent’s Hole, Torquay, Devonshire. 
One-third uat size. Post-pliocene. 


Fig. 125. 



Hyccna sipekea : second molar, left Teeth of anew species of.^r«rcu/a, iield-mouse ; from the 
side, lower jaw; nat. size. Cave Norwich Crag. Newer Pliocene, 

of Kirkdale. Post-pliocene. a. grinding surface. b. side view of same. 

c. nat. site of a and 6. 


Fig. 127. 
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CHAPTER XL ' 

POST-PLIOCENE PERIOD CONTINUED. — GLACIAL EPOCH. 

Oeograpliical distribution, form, and characters of glacial* drift — Fundamental 
rocRs, polished, grooved, and scratched — Abrading and striatiiig action of 
glaciers — Moraines, erratic blocks, and “ Roches Moutonnees” — Alpine blocks 
on the Jura — Colossal size of ancient Swiss glaciers — Continental icc of Green- 
land — Ancidnt centres of the dispersion of erratics — Transportation of drift by 
lioating icebergs — Bed of the sea furrowed and polished by the running aground 
of floating icc-ialands — How to distinguish glacial drif of submarine from that 
of terrestrial origin. 

A:«ong the ditforent kinds of alluvium described in Chapter VII., 
a passing allusion was made (page 80.) to the “ boulder formation ” 
and to its origin as probably connected with the agency of glaciers 
and floating ice. This formation, to which many names, such as 
“ diluvium,” “ northern drift,” “boulder clay,” and “glacial depo- 
sits ” have been given, is abundant in Europe north of the oOtli, 
and in North America north of the 40th parallel of latitude. It is. 
wanting in the warmer and equatorial regions, and reappears when 
we examine the lands which lie south of the 40th and oOth parallels 
in the Southern Hemisphere, as, for example, in Patagonia, Terra 
<lel Fuego, and New Zealand. It consists of sand and clay, some- 
times stratified, but often wholly devoid of stratification for a depth 
of 50, 100, or even a greater number of feet. To this unstratified 
form of the deposit the name of till has long been applied in Scot- 
land. It generally contains a mixture of angular and rounded 
fragments of rock, some of large size, having occasionally one or 
more of their sides flattened and smoothed, or even highly polished. 
The smoothed surfaces usually exhibit many scratches parallel to 
each other, one set of which often crosses an older set. The till is 
almost everywhere wholly devoid of organic remains, except those 
washed into it from older formations, though in some places it con- 
tains marine shells of arctic species, many of them in a fragmentary 
state. The bulk of the till has usually been derived from the 
grinding down into mud of rocks in the immediate neighbourhood, 
so that it is red in a region of Red Sandstone, as in Strathmore in 
Forfarshire ; grey or black in a district of coal and coal-shale, as 
around Edinburgh ; and white in a chalk country, as in parts of 
Norfolk and Denmark. The stony fragments dispersed irregularly 
through the till usually belong, especially in mountainous countries, 
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to rocks foU^d in some part of the same hydrographical basin ; but 
there are regions where the whole of the boulder clay has come from 
a distance, and huge blocks, or “ erratics,’* as they have been called, 
many feet in diameter, have not unfrequently travelled hundreds of 
miles from their point of departure, or from the parent rocks from 
which they have evidently been detached. These are commonly 
angular, and have often one or more of their sides polished and fur- 
rowed. 

The fundamental rock on which the boulder formation reposes, if 
it consists of granite, gneiss, marble, or other hard stone, capable of 
permanently retaining any superficial markings which may have 
been imprinted upon it, is usually smoothed or polished, like the 
erratics above described ; and exhibits parallel striae and furrows 
having a determinate direction. This direction, both in Europe and 
North America, agrees generally in a marked manner with the 
course taken by the erratic blocks in the same district. * 

The boulder clay, when it was first studied, seemed in many of 
its characters so singular and anomalous, that geologists despaired 
of ever being able to interpret the phenomena by reference to causes 
now in diurnal action. In those exceptional cases, where marine 
shells of the same date us the boulder clay were found, nearly all 
of them were reoognised as living species — a fact conspiring with the 
superficial position of the drift to indicate a comparatively modern 
origin. The recentness of the date caused the enigma to appear 
only the more perplexing, and strengthened the belief that the phe- 
nomena were the results of forces distinct both in kind and energy 
from those now operating in the ordinary course of nature. Notions 
of this kind were calculated to retard the progress of science, by 
diverting attention from such every-day operations as were capable 
of producing analogous effects. 

The term diluvium ” was for a time the most popular name of 
the boulder formation, because it was referred by many to the deluge 
of Noah, while others retained the name as expressive of their 
opinion that a series of diluvial waves raised by hurricanes and 
storms, or by earthquakes, or by the sudden upheaval of land from 
the bed of the sea, had swept over the continents, carrying with 
them vast masses of mud and heavy stbues, and forcing these stones 
over rocky surfaces so as to polish and imprint upon them long 
furrows and strisQ. 

But geologists were not long in seeing that the boulder formation 
was characteristic of high latitudes, and that on the whole the size 
and number of erratic blocks increases as we travel towards the 
arctic regions. They could not fail to be struck with the contrast 
which the countries bordering the Baltic presented when compared 
with those surrounding the Mediterranean. The multitude of tra- 
velled blocks and striated rocks in the one region, and the absence 
of such appearances in the oth^r, were too obvious to be overlooked. 
Even the great development of the boulder formation, with large 
erratics so far south as the Alps, offered an exception to the general 
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rule favourable to the hypothesis that there was some inornate con- 
nection between it and accumulations of snow and ice. 

Abrading^ polishing ^ scoringy and transporting power of glaciers . — 
It is well known that those parts of the Alps which rise to heights 
exceeding 8500 feet a])ove the level of the sea are covered with 
perpetual snow. This snow, as it receives annual additions, would 
increase indefinitely in altitude were not its accumulation checked 
by the constant descent of a large portion of it by gravitation. As 
it glides slowly down the principal valleys flanking the highest 
mountains, it becomes converted into solid ice, and forms what arc 
termed glaciers, or rivers of ice, the lower extremities of which, 
when they descend into warmer regions, melt and give rise to torrents 
of water. On the borders of every glacier are seen on eitlier side 
mounds, or taluses of rubbish, consisting of angular fragments of 
rock, with large heaps of sand and mud. At certain distances from 
each side, an'd often in the centre, ridges composed of similar debris 
from three to twelve feet in height, are observabh*. Each of the:>e 
has originated, like the lateral mounds, in the form of a talus accu- 
mulated at the foot of a steep slope or precipice. Frost, rain, light- 
ning, and avalanches of snow are constantly detaching fragments of 
rock and soil which fall or roll down to the bottom of such precipices. 
If the base of the heap of loose materials were washed by a river, it 
would soon be undermined and swept away, but when this fallen 
matter reaches the edge of a glacier, which is always moving on- 
wards night and day at the rate of several inches, or sometimes a 
foot or two in twenty-four hours, the whole talus becomes locomotive, 
and is changed into a long stream of blocks and earthy matter, 
fringing the glacier on both sides, and constituting what are called 
lateral moraines. As often as glaciers are confluent, the right lateral 
moraine of one blends with the left moraine of the other, and both 
are then carried down in the middle of the mass of ice produced by 
the union of tlie two glaciers, forming what is called a medial 
moraine. The number and position of these moraines will depend 
on the number and size of tlie tributary glaciers which join the main 
one. By such machinery, not only small stones and earth, but erratic 
blocks of the largest size are carried down from the mountains to 
the lower valleys and plains^ performing a journey of twenty or 
thirty miles in the course of several centuries, and usually retaining 
their edges sharp and unworn to the last. 

When the glacier passes over uneven ground, it becomes rent, 
and traversed by broad and deep transverse Assures, into which por- 
tions of the lateral or medial moraines are precipitated. Bills of 
water also, derived from the liquefaction of the ice by the sun’s rays in 
summer, run over the surface of the glacier until, arriving at one of 
these fissures, they cascade into it. From this source, as well as from 
springs, which must occasionally break out under the glacier, are 
derived torrents which flow under ,the ice in tunnels, whore the 
angular stones which have fallen to the bottom through the fissures 
often become rounded, as in the ordinary bed of a river. Other 
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blocks and pebbles, being fixed in the ice, and firmly frozen into it, 
are pushed along the bottom of the glacier, abrading, polishing, and 
grooving the rocky floor below, while each stone is reciprocally flat- 
tened, polished, and striated on its lower side. As the forces of 
downward pressure and onward propulsion are enormous, each small 
grain of sand,«if it consist of quartz or some hard mineral, scratches 
and polishes the surface, whether of the underlying rock or of the 
boulder which impinges on it, as a diamond cuts glass or as emery 
powder polishes steel. The striae which are made, and the deep 
grooves which are scooped out by this action, are rectilinear and 
parallel to an extent never seen in those produced on loose stones 
or rocks, where shingle is hurried along by a torrent, or by the waves 
on a sea- beach. 

As water is always flowing under some parts of a glacier, and 
much melting and regelation are going on in different places, stones 
are liable to change their position, in which case a 'second set of 
striae and furrows may be imprinted in a new direction, or another 
side of the stone becomes, in its turn, flattened, striated, and polished. 
In like manner the solid rock underneath the glacier may exhibit 
scratches and grooves in more than one direction. The furrows 
will, most of them, coincide with the general course of the valley ; 
but as the ice in different seasons varies in quantity, the direction 
of its motion at any given point is not uniform, so that the grooves 
and scratches will also vary, one set often intersecting another. 


Fig. 128. 



Limestone, polished, furrowed, and scratched by the glacier of Rosenlaul.ln Switzerland. (Agassiz.) 
a a. White streaks or scratches, caused by small grains of flint frozen Into the ice. 
b b* Furrows. 

When a Swiss glacier, ladep with mud and stones, descends so far 
as to reach a region about 3500 feet above the level of the sea, the 
warmth of the air is such that it melts rapidly in summer, and in spite 
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of the downward movement of the mass, it can advance no farther. 
Its precise limits are variable from year to year, and still more so 
from century to century ; one example being on record of a recession 
of half a mile in a single year. We also learn from M. Veiietz, that 
whereas* between the eleventh and fifteenth centuries, all the Alpine 
glaciers were less advanced than now, they began in tl^ seventeenth 
and eighteenth centuries to push forward, so as to cover roads formerly 
open, and to overwhelm forests of ancient growth. 

These oscillations enable the geologist to note the marks which a 
glacier leaves behind it as it retrogrades ; and among these the most 
prominent is the terminal moraine, which is a confused heap of un- 
stratifiied rubbish, like the till before described ; all the mud, sand, 
and pieces of rock, with which the glacier was loaded, having been 
slowly deposited in the same spot where no running water interfered 
to sort them, by carrying the smaller and lighter particles and stones 
farther than the bigger and heavier ones. These terminal moraines 
often cross the valley in the form of transverse mounds, more or less 
divided into separate masses or hillocks by the action of the torrent 
which flows out from the end of the glacier. Such transverse 
barriers were formerly pointed out by Saussure, below the glacier of 
the Rhone, as proving how far it had once transgressed its present 
boundaries. On these moraines we see many large angular frag- 
ments, which, having been carried along on the surface of the ice, 
have not liad their edges worn off by friction ; there are also many 
boulders, of various sizes, which have been rounded; some, as before 
.stated, by the i)ower of water beneath the glacier, others by the 
mechanical force of the ice which has pushed them against each 
other, or against the rocks banking the valley. 

As the terminal moraines are the most prominent of all the monu- 
ments left hy a receding glacier, so are they the most liable to obli- 
teration ; for violent floods or debacles are often occasioned in the 
Alps by the sudden bursting of what are called glacier-Lukes. These 
temporary sheets of water are caused by the damming up of a river 
by a glacier which has increased during a succession of cold .seasons, 
and de.scending from a tributary into the main valley, ha.s crossed it 
from .side to side. On the failure of this icy barrier, the accumn- 
lated waters are let loose, which sweep away and level many a 
transverse mound of gravel and loose boulders below, and spr«?ad 
their materials in confused and irregular beds over the river-plain. 

In addition to the polished, striated, and grooved surfaces of rock 
already described, another mark of the former action of a glacier U 
the “ roche moutonnee.” Projecting* eminences of rock so called 
have been smoothed and worn into the shape of fattened domes by 
the glacier as it passed over them. • 

Although the surface of almost every kind of rock, when exposed 
in the open air, wastes away by decomposition, yet some retain foi- 
ages their polished and furrowed exterior ; and, if they are well 
protected by a covering of clay or turf, these marks of abrasion 
seem capable of enduring for ever. They have been traced in the 
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Alps to great heights above the present glaciers, and to great hori- 
zontal distances beyond them. 

There are also found, on the sides of the Swiss valleys, round and 
deep holes with polished sides, such holes as waterfalls make in the 
solid rock, but in places remote from running waters, and where the 
form of the surface makes it difficult to suppose that any cascade 
could ever have existed. Similar cavities are common in hard rocks, 
such as gneiss in Sweden, where they are called giant caldrons^ and 
arc sometimes ten feet and more in depth ; but in the Alps and Jura 
they often pass into spoon-shaped excavations and prolonged gut- 
ters. We learn from M. Agassiz that hollows of this form are now 
cut out by streams of water which, after flowing along the surface 
of a glacier, fall into open fissures in the ice and form a cascade. 
Hero the falling water, causing the gravel and sand at the bottom 
to rotate, cut-out a round cavity in the rock. But as the glacier 
moves on, the cascade becomes locomotive, and what would other- 
wise have been a circular hole is prolonged into a deep groove. 
The form of the rocky bottom of the valley down which the glacier 
is moving causes the rents in the ice and these locomotive cascades 
to be formed again and again, year after year, in exactly the same 
spots. 

Another effect of a glacier is to lodge a ring of stones round the 
summit of a conical peak, or a single block on a sharp ridge, which 
may happen to project through the ice. If the glacier is lowered 
greatly by melting, these blocks or circles of large angular frag- 
ments, which are called “ perched blocks,” are left in a singular 
situation at or near the top of a sharp pinnacle or ridge, the lower 
parts of which may be destitute of boulders. 

Alpine blocks on the Jura . — Some or all the marks above enu- 
merated — the moraines, erratics, polished surfaces, domes, striie, 
caldrons, and perched rocks — are observed in the Alps at great 
heights above the present glaciers, and far below their actual ex- 
tremities ; also in the great valley of Switzerland, fifty miles Iroad ; 
and almost everywhere on the Jura, a chain which lies to the north 
of this valley. The average height of the Jura is about one-third 
that of the Alps, and it is now entirely destitute of glaciers ; yet it 
])resents almost everywhere similar moraines, and the same polished 
and grooved surfaces and water-worn cavities. The erratics, more- 
over, which cover it, present a phenomenon which has astonished 
and perplexed the geologist for more than half a century. No con- 
clusion can be more incontestable th^n that these angular blocks of 
granite, gneiss, and other crystalline formations, came from the Alps, 
and that they have been brought for a distance of fifty miles and 
upwards acrostrone of the widest and deepest valleys in the world ; 
so that they arc now lodged on the hills and valleys of a chain com- 
posed of limestone and other formations, altogether distinct from 
tliose of the Alps. Their great size and angularity, after a journey 
of so many leagues, has justly excited wonder; for hundreds of 
them are ns large as cottages ; and one in particular, composed of 
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celehrnted under the luiine of Pierre h Pot, rests on tl»o si<lo 
of a hill al)out 900 feet above the lake of Neufchatel, and is no less 
lUun 40 feet in diiunetew 

In tlie year 1821, M. Venetz first announeod his opinion that the 
Alpine glaciers must formerly have extended far beyond their present 
limits, and the proofs appealed to by him in confirmation of this 
doctrine were afterwards acknowledged by M. Charpentier, who 
strengthened them by new observations and arguments, and de- 
clared, in 1836, his conviction that the glaciers of the Alps must 
once have reached as far as the Jura, and liave carried thither their 
moraines across the great valley of Switzerland. M. Agassiz, after 
several excursions in the Alps with M. Charpentier, and after 
devoting himself for some years to the study of glaciers, published, 
in 1840, an admirable description of them and of the marks which 
attest the former action of great masses of ice over the entire sur- 
face of tlie Alps and the surrounding country.* 

M. Charpentier conceived that the Alps, at the time when the 
glaciers extended continuously from them to the Jura, and conveyed 
to them so many Alpine erratic-^, were 2(KX) or 3000 feet higher 
than now. Professor James 1>. Forbes, in his excellent work on the 
Alps, pul)lish(‘d ill 1843, came in like manner to the conclusion that 
the ancient glaciers were of colossal size, and had once stretched 
from the principal chain to the Jura. The original theory of Saus- 
sure, that the erratics were all whirled along to great distances by 
a rapid current of muddy water rushing from the Alps, has long 
been exploded ; and the liypotlic»sis of the submergence of Switzer- 
land beneath the waters of the sea, and the transportation of moraines 
and erratic blocks on ice-rafts or floating icebergs from tho Alps 
to the Jura, then an island — a view to which I myself formerly 
loaned — has been disproved by a careful study of tlie present distri- 
bution of the travelled masses. Their arrangement, both on the 
north and south of the great chain, whether in the Pays de Yaud 
and #ara or in the plains of the Po, is such as to imply that tln»y 
were transported to their present sites by glaciers of enormous size 
descending hy the existing valleys at a time when all the great lakes 
were filled with ice, or, in other words, formed parts of these same 
glaciers. The entire absence of marine shells from the old glacial 
drift of Switzerland, and of the Alps generally, is confirmatory of 
this theory, and against the doctrine of a marine submergence. Tho 
moraine-like arrangement of the boulders has also led the most ex- 
perienced Swiss and Italian geologists, who have of late years 
devoted much time and talent to the study of this subject, to adopt 
the same hypothesis of land-glaciers. Among other writers I may 
mention MM. Studer, Guyot, Escher von der Linth, Morlot, Gas- 
talQi, Gabriel de Mortillet, Omborii, and others. 

It has been stated that the boulder formation and all tho attendant 
phenomena of striated and* dome-shaped rocks and far-transported 
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erratics become more and more conspicuous in proportion as we ex- 
tend our survey to higher latitudes. We find, for example, a charac- 
teristic display of them in Norway, Sweden, and Denmark, the 
southern borders of the Baltic or Northern Germany, European 
Ilijsfiia, and Finland. They are also observable in the mountainous 
regions of Scotland, Wales, and of the British Isles generally. Bur, 
besides the app(*arances already noticed, there occur here and there 
in the countries just alluded to, deposits of marine fossil shells, 
strictly belonging to the glacial jieriod, which exhibit so arctic a 
character that they must have led the geologist to infer the former 
prevalence of a much colder climate, even had he not encountered 
so many accompanying signs of ice-action. The same marine shells 
deinunstratc the submergence of large ureas in Scandinavia and 
the British Isles, and other regions, during parts of the glacial 
epoch. 

A characteristic feature of the deposits under consideration in all 
tliese countries is the occurrence of large erratic blocks, and soraetime> 
of moraine matter, in situations remote from lofty mountains, and 
separated from the nearest points w’here tlie parent rocks appear at 
the surface by great intervening valleys, or arms of the sea. Such 
a])pcarances require us to suppose important geographical change> 
of a date subsequent to the drift. But even >vhere the laud doc's 
not seem to have undergone much local alteration, such as would 
result from upheaval and subsidence, we often observe strife and 
furrows, as in Norway, Sweden, and Scotland, W’hich are not in 
strict accordance with the direction of any separate glaciers, which 
can be supposed to have once descended through existing valleys. 
jVIany of the markings referred to deviate from the direction which 
th(*y ought to follow if they had been connected with the present 
line of drainage, and they, therefore, imply the prevalence of a very 
distinct condition of things at the time when the cold was most in- 
tense*. The actual state of the Continent of North Greenland seems 
to afford the best ex}>lanation of such abnormal glacial markings. 

Of that country a faithful description has been given to us by 
Kink, now governor of the Danish Settlements in Baffin's Bay, who 
has, more than any other scientific traveller, explored both the coast 
and the interior.* The land, he says, may be divided into two 
rcjjions — the inland and the outskirts. The inland is 8(X) miles 
from west to cast, and of much greater length from north to south. 
It is a vast unexplored continent, buried under one continuous and 
colossal mass of ice that is always moving seaward, a very small part 
of it in an easterly direction, and all the rest westward, or towards 
Baffin’s Bay. All the minor ridges and valleys are levelled and con- 
cealed under a general covering of snow, but here and there some 
steep mountains protrude abruptly from the icy slope, and a few 
superficial lines of stones or moraines are visible at certain seasons, 

when no snow has fallen for many months, and when evaporation 

* 

* Rink, Journal of Royal Geograph. Soc., vol. xxiii. p. 145., and Lyell, An- 
tiquity of Man, p. 235. 
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promoted by the wind and suii, has caused much of the upper snow 
to disappear. After penetrating a great distance eastward in lat. 
72® N., Rink still saw lines of these stones in the extreme distance, 
indicating, he says, the existence of precipitous mountains, piercing 
through the snow still farther east. The height of this continent is 
unknown, but it must be very great, as the most elevated lands of 
the outskirts which are described as comparatively low, attain alti- 
tudes of 4000 and 6000 feet. The icy slope gradually lowers itself 
towards the outskirts, and then terminates abruptly in a mass about 
2000 feet in thickness, the great discharge of ice taking place through 
certain large friths which, at their upper ends, are usually about 
four miles across. Down these friths the ice is protruded in huge 
masses, several miles wide, which continue their course — grating 
along the rocky bottom like ordinary glaciers long after they have 
reached the salt water. When at last they arrive at parts of BalTin’s 
Bay deep enough to buoy up icebergs from 1000 to 150(> feet in 
vertical thickness, broken masses of them float off, carrying with 
them on their surface not only fine mud and sand but large stones. 
These fragments of rock, as I am informed by Dr. Otto Torell, who 
has examined many of the bergs after they had run aground, are 
often polished and scored on one or more sides, and as the ice melts, 
they drop down to the bottom of the sea, where large quantities of 
mud are deposited, and this muddy bottom is inhabited by many 
mollusca. 

The outskirts, where the Danish colonists arc settled, comprise an 
area of 30,000 square miles in extent, including many i>laiids and 
})eninsulas, and some fiords from «50 to 100 miles long, down which 
the ice passes, either floating or sometimes, as already stated, in 
contact with the bottom. Rink counted twenty-two great ice-streams 
along the coast, which indicate the position of as many concealed val- 
leys or straths, by which relief is given to the snow and ice annually 
accumulating in the interior. From the same points the principal 
glaciers or rivers would issue if, at some future period, there should 
be a milder climate. But although the direction of the iee-strenins 
in Greenland may coincide in the main with that which separate 
glaciers would take if there were no more ice than tliere is now in 
the Swiss Alps, yet the striation of the surface of the rocks on an 
ice-clad continent would, on the whole, vary considerably in its 
minor details from that which would be imprinted on rocks constitut- 
ing a region of separate glaciers. For where there is a universal 
covering of ice there will he a general outward movement from the 
higher and more central regions towards the circumference and lower 
country, and this movement will be, to a certain extent, independent 
of the minor inequalities of hill and valley, when .these are all re- 
duced to one level by the snow. The moving ice may sometimes 
cross even at right angles deep narrow ravines, or the crests of 
buried ridges, on which last it may afterwards seem strange to de- 
tect glacial strise and polishing after the liquefaction of the snow 
and ice has taken place. 
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Kink mentions that, in North Greenland, powerful springs of 
clayey water escape in winter from under the ice, where it descends 
to “ the outskirts,” and where, as already stated, it is often 2000 feet 
thick — a fact showing how much grinding action is going on upon the 
surface of the subjacent rocks. I also learn from Dr. Torell that 
there arc large areas in the outskirts, now no longer covered with 
permanent snow or glaciers, which exhibit on their surface unmis- 
takable signs of ancient ice-action, so that, vast as is the power 
now exerted by ice in Greenland, it must once have operated on a 
still grander scale. The land, though now very elevated, may per- 
haj)S have been formerly much higher. This, indeed, is more than 
probable, as, ever since the country has been known to the Danes, 
or for the hist four centuries, the whole coast, from latitude* 60^ 
to about 7(P N. has been sinking at the rate of several feet in a 
century. l>y this means a surface of rock, well scored and polished 
by ice, is now slowly subsiding beneath the sea, and is becoming 
strewed over as the icebergs melt, with impalpable mud and smoothed 
and scratched stones. 

When we contemplate, therefore, the effects which are now in 
progress in North Greenland and on its shores, as well as in the bed of 
tJie adjoining sea, under the influence of the ice, both of glaciers and 
floating bergs, combined with a vertical movement of the continent 
and floor of the ocean, which is now one of subsidence, but which 
may at some future time be converted into one of upheaval, wc are 
presented with a key to the interpretation of many distinct classes 
of glacial phenomena once regarded as most enigmatical. 

An account was given so •mg ago as the year 1 822, by Scoresby, of 
icebergs seen by him in the Arctic seas drifting along in latitudes 69^ 
and N., which rose above the surface from 100 to 200 feet, and 
some of which measured a mile in circumference. IMany of them 
were loaded with beds of earth and rock, of such thickness that the 
weight was conjectured to bo from 50,000 to 100,000 tons. A similar 
transportation of rocks is known to be in progress in the southern 
hemisphere, where boulders included in ice are far more frequent 
than in the north. One of these icebergs was encountered in 1839, 
in mid-ocean, in the antjirctic regions, many hundred miles from any 
known land, sailing northwards, with a large erratic blo(*k firmly 
frozen into it. In order to understand in what maimer long and 
• straight grooves may bo cut by sucli agency, we must remember that 
these floating islands of ice have a singular steadiness of motion, in 
consequence of the larger portion of their hulk being sunk deep 
under water, so that they are iio*t perceptibly moved by the winds 
and waves even in the strongest gales. Many had supposed that the 
magnitude commonly attributed to icebergs by unscientific naviga- 
tors was exaggerated, but now it appears that the popular estimate 
of their dimensions has rather fallen within than beyond the truth. 
Many of them, carefully measured by the officers of the French explor- 
ing expedition of the Astrolabe, were between 100 and 225 feet high 
a\)ovo water, and from two to five miles in length. Captain d’Urville 
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jiscertainocl one oT them which he saw lloating in the Southern 
Ocean to be 10 miles Ion" and 100 .feet high, with walls perfectly 
vertical. The submerged portions of such islands must, according 
to the weight of ice relatively to sca-wnter, be from six to eight times 
more ooiisiderablo than the part which is visible, so that when they 
are once fairly set in motion, the mechanical force which they might 
exert against any obstacle standing in their way would be ju’odi- 
gioiis.* A considerable pro])ortion of these floating masses of ice is 
supposed not to be derived from terrestrial glaciers, but to be formed 
at the fojt of cliffs hy the drifting of snow from tlic land over the 
frozen surface of tlie s('a, the snow by repeated melting and regela- 
tion being in time converted into ice. Hut most of the bergs of the 
'Southern Ocean are formed in tlie same way as the principal ones 
in IhitUn's Bay ; for Or. Hooker informs mo that the ice of the 
Antarctic Continent, or Victoria Land, like that of Greenland, as 
described F>y Bink, is strewed over with rocky fragments, tliei-e 
being always some bare precipices and mountain ])eaks protruding 
from the great wilderness of snow from which moraines may Ik; de- 
rived. Tliese moraines are carried down to the coast and tlien 
tioated northwards on detached icebergs to great distances. 

AVe learn, therefore, from a study both of the arctic and antarctic 
regions, that a great extent of land may be entirely covered through- 
out the whole year by snow and ice, from the summits of the loftiest 
mountains to the sea coast, and may yet send down angular (u*ratics 
to the ocean. We may also conclude that sucli land will l>econie in 
tlio course of ages almost everywhere scored and polished like the 
rocks which underlie; a glacier. The di|pharge of ie(i into the sur- 
rounding sea will take place principally through the main vall(*ys, 
altliougli these are hidden from our sight. Krratic blocks and mo- 
raine matter will be dispersed somewhat irregularly after reaching 
the sea, for not only will prevailing winds and marine currents 
govern tlie distribution of the drift, hut the sha])o of the submerged 
area will have its influence ; inasmuch as floating ice, lad(;u witli 
stones, will pass freely through deep water while it will run aground 
where there are reefs and shallows. Some icebergs in Baffin’s Bay 
Itave been seen stranderl on a bottom 1000 or even l.'iOO feet deep. 
In tlie course of ages such a sea-bed may become diuisely covered 
w ith transported matter, from which some of the adjoining greater 
depths may be free. Jf, as in West Greenland, the land is slowly 
sinking, a large extent of the bottom of the ocean will consist of 
rock polished and striated by land-ice, and then overspread by mud 
and boulders detached from moltihg bergs. But other large areas 
of the bed- of the sea will also be marked by the r<*peated friction 
of masses of floating ice, some of them soverak miles in diameter, 
which, when they strand on a gently shelving reef, must grate along 
the bottom for some distance before their course is arrested. The 
plasticity of ice, or its capability, by whatever theory explained, of 
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moulding itself suddenly into new forms under great pre.«s:ur(5 is so 
i-ernarkable, that when enormous masses of it arc floating, and moving 
at the rate of two or more miles an hour, they must, on arriving at 
a shelving floor of rock, adapt their forms to its surface, and often be 
forced with violence into any cavities which the uneven bottom may 
present, llefore the momentum of so vast a volume of matter can be 
overcome, the ice, moving with wliat may be called great velocity, 
when contrasted with the insensible progress of a glacier, must give 
rise to no small trituration of rock. This will be the more sure to 
hfij>pen, because the largest bergs, by their unequal rate of melting 
above and bedow water, are continually capsizing, the centre of 
gravity often shifting ; and by such changes the superficial moraines, 
often firmly frozen into the ice, are carried down to form the basft of 
tlie iceberg, .and supply sand and stones for polishing and scoring the 
ocean’s floor. Tlie submarine strias and grooves may be as uniform 
in their direction, and .as parallel as those scooped out by glaciers in 
an inland valley ; for in the same tracts the floating ice-i.slands will 
annually take the same course at corresponding seasons of the ye.ar, 
being carried by similar wind.s and currents in the same direction. 
Th(*ir vast size .al<o must often tend to give an uniformity to their 
scoring action, over a space several miles in widtlj. Could we ima- 
gine buildings such as St. Peter’s or St. Paul’s to he submerged, and 
an iceberg, several miles in diameter and two thousand feet in 
height, .advancing Avitli the velocity of two or three miles an hour to 
strike them, it is evident they must be thrown down as readily as 
were tlie stone walls of the^a.sants’ chalets in the early part of the 
])resent century by the GqjMr glacier above Zermatt. We may, 
tluTofore, fairly presume tnat wdienever a submerged area which 
had once been traversed by floating and occasionally stranding 
icebergs is converted into land by upheaval, it w’^ill display on 
its surface most of the ch.aracteristics which mark the former 
agency of glaciers on dry land. No sharp pinnacles of rocks can be 
left standing, since they will all have been worn down and reduced 
to dome-shaped masses, while scratches and long grooves will every- 
wdiere bo left on rocky surfaces. Even till, or unstratified matter, 
undistingiiishable from ordinary moraines, will rarely be wanting. 

Those who have had o])portunities of inspecting, in the sea oflT 
the coast of Labrador, packs of icebergs which have run aground in 
water having sometimes a depth of many hundred foot, describe 
lagoon-like expanses of sea perfectly cjuiet, and free from all agita- 
t ion of the waves of the Atlantic. These areas of still w.ater are 
Mirrounded on all sides by iceberg! from UX) to 3(X) feet high, fre- 
((iiently conLaining moraine matter on their surface, or frozen into 
them. Such icy masses may remain aground for weeks or months, 
until they are reduced by melting to a size which admits of their 
floating off .and resuming their wanderings. The mud, sand, aud 
boulders which they let fall in still water must be exactly like the 
moraines of terrestrial glaciers, devoid of stratification aud org.anic 
remains. Put occasionally, on the outer side of such packs of 
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stranded bergs, the waves and currents may cause the detached 
earthy and stony materials to be sorted according to size and weight 
before they reach the bottom, and to acquire a stratified arrange- 
ment. 

I have already alluded (p. 145.) to the large quantity of ice, con- 
taining great blocks of stone, which are sometimes seen floating far 
from land, in the southern or Antarctic seas. It is evident that such 
glacial drift, wherever it may happen to alight on the floor of the 
ocean, will have no connection with the external shape, or internal 
comjMJsition, of the rocks on which it may cliaucc to fall. After the 
emergence, therefore, of such a sub-marine area, the superficial 
detritus will have no nccessai'y relation to the hills, valleys, and 
riv^r -plaiiis over which it will bo scattered. Many a water-shed 
may intervene between the starting-point of each erratic or pebble 
and its final resting-place, and the only means of discovering the 
country from wliicli it took its de])arture wiH consist in a careful 
comparison of its mineral or fossil contents 'sviih tho.^c of the parent 
rocks. 

It will be seen in the next chapter that throughout large parts of 
Scotland, Scandinavia, and other countries, tlie till and boulders are 
so connected in mineral and lithological character with the structure 
of the hills and valleys belonging to the hydrographical basins over 
which they are strewn, that they must have been produced by land- 
glaciers. although in the same regions drift of submarine origin i^ 
occasionally met with. 
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CHAPTER XII. 

rOST-PLIOCENE PEIUOD, CONTINUED, — GLACIAL EPOCH, 
CONCLUDED. 

Glaciation of Scanrlinavia and Russia— Glaciation of Scotland — Marine shoUs iif 
Scotch glacial drift— Their Arctic character — Rarity of organic remains in 
glacial deposits— Contorted strata in drift — Glaciation of Wales, England, and 
Ireland — Marine shells of Mod Tryfaen — Norfolk drift — Glacial formations of 
North America — How for of submarine origin— Many species of testacea and 
quadrupeds survived the glacial cold — Connection of the predominance of lakes 
with glacial action — Morainic lakes — Objections to the hypothesis of the erosion 
of large lake-basins by ice — Conversion of valleys of denudation into lakes by 
upward and downward movements — Action of ice in preventing the silting-up 
of lake-basins — How the bed of a sea where icebergs have abounded may, on 
emerging, allbrd lake-basins — General causes of change of climate— Sub- 
mergence of the Sahara in the Post-pliocene period a cause of Alpine cold — 
Meteorites in drift. 

Having in the last chapter described the permanent effects which 
continental ice, glaciers and icebergs, imprint on the surface, I shall 
now proceed to describe 8^6 of tlic geological monuments of ice- 
action of more ancient date, or of the Post-pliocene period, observa- 
ble in Europe and North America. 

Glaciation of Scandinavia and Rtissia, — In large tracts of Norway 
and Sweden, where there have been no glaciers in historical times, 
the signs of ice-action have been traced as high as GOOO feet above 
the level of the sea. These signs consist chiefly of polished and 
furrowed rock surfaces, of moraines and erratic blocks. The direc- 
tion of the erratics, like that of the furrows, has usually been con- 
formable to the course of the principal valleys ; but the lines of 
both sometimes radiate outwards in all directions from the highest 
land, in a manner which is only explicable by the hypothesis of a 
general envelope of continental ice, like that of Greenland, noticed 
in the last chapter. Some of the far-transported blocks have been 
carried from the central parts of Scandinavia towards the Polar 
regions ; others southwards to l)(?nmark ; some south-westwards, to 
the coast of Norfolk in England ; others south-eastwards, to Ger- 
many, Poland, and Russia, and to these same countries small stones 
and liner matter have also been conveyed, evidently by the aid of 
floating ice. The southern and south-eastern limits of this drift 
have been well marked out by Sir Roderick T. Murchison and 
his fellow-labourers, M. do Vernuuil and Count Keyserling, in a map 



150 


GLACIATION OF llUSSfA. 


[Cii. XII. 


illustrating tlicir great work on the geology of Russia ; and they 
have pointed out how this drift “ proceeded eccentrically from a 
common central region.” 

It appears from their observations that the blocks, scattered over 
large districts of Russia and Roland, agree precisely in mineral 
character witli rocks of the mountains of Lapland and Finland ; 
while the masses of gneiss, syenite, porphyry, and trap, strewed over 
the low sandy countries of Ronioraiiia, llolstein, and Denmark, an* 
identic.'il in their composition with the mountains of Norway and 
Sweden. 

It is found to be a general rule in Russia, that the smaller blocks 
are carried to greater distances from their point of departure than 
the larger ; the distance being sometimes SOO, and even 1000, miles 
from the nearest rocks from which they were broken olf ; the di- 
rection having been from N.W. to S.E., or from the Scandinavian 
inountnins’over the seas and low lauds to the south-east. That its 
accumulation throughout this area took place in part during the 
Rost-pliocenc period is proved by its superposition at sev(.*ral points 
to strata containing recent shells. Thus, for example, in European 
Russia, Sir R. IMurchison and his associates found in 1840, that tlie 
flat country between St. Retersburg and Archangel, for a distance 
of 600 miles, consisted of horizontal strata, full of shells similar to 
those now inhabiting the Arctic Sea, and on these rested the boulder 
formation, containing large erratics. 

In Sweden, in the immediate neighbourhood of Ui)sala, I had ob- 
served, in 1834, a ridge of stratified sand and gravel, in the midst 
of whicli occurs a layer of marl, evidei^ formed originally at the 
bottom of tlie llaltic, by tlie slow growth of the mussel, eockle, and 
other niariuo shells of living species, intorinixod with .some proper to 
fresh water. The marine shells arc all of dwarfish size, like those 
now inhabiting the brackish waters of the Ihiltic ; iind the marl, in 
which myriads of them are embedded, is now raised more than 100 
feet above the level ol the Ouli of Rothnia. Upon the top of this 
ridge repose several huge erratics, consisting of' gneiss for the most 
part unrounded, from 9 to IG feet in diameter, and winch must have 
been brought into their present position since the time when tlie 
neighbouring gulf was already characterised by its peculiar fauna.* 
Here, therefore, we have proof that the transiiort of erratics con- 
tinued to take place, not merely when the sea was inhabited by the 
existing tcstacea, but wlieii the north of Europe had already assumed 
tliat remarkable feature of its physical geography, which sc]>arates 
the Baltic from the North Sea, and causes tlie Gulf of Bothnia to 
have only one-fourth of the saltness belonging to tlie ocean. In 
Denmark, also, recent shells have been found in stratified beds, 
closely associated with the boulder clay. 

It was stated that in Russia the erratics diminislicd generally in 
size in proportion as they arc traced farther from their source. The 


• See paper by the Author, Phil. Trans., 1835 , p. 15 . 
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Huiiifi observation holds true in regard to the average bulk of the 
Scandinavian boulders, when wo pursue them soutliwards, from the 
south of Norway and Sweden through Denmark and Westphalia. 
This plieiioinenon is in perfect harmony witii the tlieory of ice-ishind> 
lloating in a sea of varialde depth; for the heavier erratics reriuire 
icebergs of a larger size to buoy them up ; and, even when there are 
no stones frozen in, more than seven-eighths, and often nine-tenth.-, 
of a mass of drift-ice is under water. The greater, therefore, tin* 
volume of the iceberg, the sooner would it impinge on some shallower 
part of the sea ; while the smaller and lighter floes, laden with finer 
mud and gravel, may pa.ss freely over the same banks, and be car- 
ried to much greater distances. In those places, also, where in the 
course of centuries blocks have been carried soutlnvards by c*oasf- 
ice, having been often stranded and again set afloat in the direction 
ol‘ a prevailing current, the blocks will diminish in size the farther 
they travel from their point of departure, for two reasons : first, 
because they will be repeatedly exposed to wear and tear by the 
action of the waves ; secondly, because the largest blocks are seldom 
without divisional planes or “joints,” which cause them to split 
'when weathered. Hence, as often as they start on a fresh voyage, 
becoming buoyant by coast-ice wdiich has frozen on to them, one 
l)ortion of the mass is detached from the rest. An examination 
which 1 made in 18»>2 of several trains of huge erratics in hit. 42^ 
50' N. in the IJjiited States, in Berkshire, on the western confines 
of ^Massachusetts, has convinced me that this cause has been very 
influential both in reducing the size of erratics, and in restoring 
angularity to blocks whicli^tnight otherwise be rounded in proportion 
to their distance from their original starting-point. 

(rlaciatio?i of Scoilanr /. — Professor Agassiz, after visiting Scot- 
land in 1840, came to the opinion that the Grampians had been 
covered by a vast thickness of ice, and had once, like the Alps, been 
an independent centre, whence erratic blocks were dispersed in all 
directions. JMr. Bobert Chambers, in 1848, maintained in like man- 
ner that Scotland had once been “ moulded in ice,” which had 
everywhere smoothed and scratched the rocks, and ground them 
down so as to enlarge and widen many valleys. ]Mr. T. F. Jamieson, 
following up the same line of investigation in 1858, adduced a great 
body of additional facts to prove that the Grampians once sent down 
glaciers from the central regions in all directions towards the sea. 
“ TJio glacial grooves,” he observed, “ radiate outwards from the 
central heights towards all points of the compass, although they do 
uot always strictly conform to flie actual shape and contour of the 
minor valleys and ridges.” 

In many parts t)f Scotland, and conspicuously in tho basin of the 
Forth, there is a form of hill to which Sir James Hall gaive the 
name of “ Crag-aiid-tail.” Isolated ice-worn hills, or knolls, present 
polished faces to the west and north-west in the district alluded to, 
with rough declivities to tho east and south-east, or where the tail 
occurs. It is a common error, says Mr. Gcikie, to suppose that this 
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“ tail ” consists merely of detritus, heaped up on the lee-side of each 
hill, for often it is composed in great part, like the west side or 
“ crag,” of solid rock, but usually with a considerable covering of 
boulder clay.* 

According to ]\Ir. T. F. Jamieson, on extending our survey of 
Scotland we find many examples of such ‘‘ crag,” or natural escarp- 
ments, facing the inland country, or that from which we may 
suppose a mass of continental ice to have descended, whereas the 
‘‘ tail ” or mound of sand, and boulders, occupies the seaward side. 
It has also been remarked in Scandinavia tliat abrupt protuberances 
and outstanding ritlgi's of rock are often polished and furrowed on 
the side facing the region from which the erratics have come (usually 
on the north side in Norway) ; while on the other, or “h*e-side,” 
such superficial markings .are wanting. There is usually a collection 
on this l(>e-side of boulders and gravel, or of huge angular fragments. 
In explanation, we may imagine that the north side was exposed, 
when still submerged, to the action of icebergs, and after*’, ards, 
when the land was rising, of coast-ice, which ran aground upon 
shoals, so that there would be great wear and tear on tliat exposed 
side, when’as on tlie opposite or south slope, gravel and boulders 
raighl accumulate in a slieltered position. 

The facts above alluded to, and other charactiudstics of the Scotch 
drift, led ^Ir. Jamieson to infer, first, that in the early part of the 
glacial period Scotland stood much liigher than at present, so that 
there was a gen‘*ral covering of snow and ice, which, as it slid down 
to lowtT lev(*ls, ])olis]u*d the subjacent rocks, and swept off from the 
-urface ino.'-t of tin* pre-existing alluvium, leaving in its place till 
and boulders in various parts. Secondly, that to this succeeded a 
period of J(‘pression and partial submergence, wlien the sea advanced 
and gradually covm-ed the greater part of tlie country, when floating 
ie.^ abounded, and when some marine drift with arctic shells was 
dep(^sited. Thirdly, tliat the land re-emerged from the water, and, 
reaching a level somewhat above its present heights, became con- 
nected with tlie Continent of Europe, glaciers bidng formed once 
more in the higher regions, though tho ice probably never re- 
gained its former extension.*|‘ After all these changes, there were 
some minor oscillations in the level of the land, on which, although 
they have had important geographical consequences, separating 
Ireland from England, for example, and England from the continent, 
we need not here enlarge. 

Mr. Gcikie has arrived at the same general conclusions as Mr. 
Jamieson, with respect to the principal movements of the land in 
Scotland." The great mass of till, of which In some of tho lower 
valleys the thickness exceeds 150 feet, he attributes not to icebergs, 
but to ice action on land, for it consists of the debris of rocks, every- 
where found in situ in the same hydrographical basin. The absence 

* Glnci.il Drift of Scotlanii ; Glasgow, 1863, p. 30. 

■| Quart. Geol. Journ., 1860, vol. xvi. p, 370. 
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of marine shells is at once accounted for if we assume it to l>e of 
glacier origin. The rarity of angular stones, those in the till being 
usually rounded or sub-angular, and the number of fragments 
polished and striated on one or several sides, may also be explained 
by supposing the till to have been shoved along under a heavy mass of 
ice, like that of Greenland, instead of forming parts of superficial mo- 
raines, carried down without trituration on the top of the ice. If, 
in accordance with the views above set forth, we admit a second 
glacial period, when the land was re-elevated after the great sub- 
mergence, the action of ice at this later date may well be supposed 
to have oblit(*rated almost all signs of the sojourn of the sea upon 
tlie land in the highest regions, where the cold was most intense ; but 
ill the lower country, some patches of marine strata with arctfc 
shells might more easily escape destruction. 

The greatest Iieight to which marine shells have yet been traced in 
Scotch drift is only 524 feet above the level of the sea, at'^hich eleva- 
tion they have lieen observed at Airdrie, fourteen miles south-east of 
Glasgow. At that sjiot they w^ere found embediled in stratified clays 
with till above and below them. There appears no doubt that the 
overlying deposit was true glacitil till, as some boulders of granite 
were observed in it, which must liavc come from distances of sixty 
miles at the least.* 


Figf. 12‘). 
A’sfartc burt-fths. 




Fig. 131. 
Saxicava ruaosa. 



Fig. 132. 

Pt'ctcji tdandicus. 


Fig. 130. 
Led a oitlon^a. 



Fig. 133. Fig. 134. 

Satica clausa. Trophon clathratutn. 


Northern shells common in the dria of the Clyde, in Scotland. 


The shells here figured are only a few out of a large assemblage 
of living species, which, taken as a whole, bear testimony to condi- 
tions fill* more arctic than those now prevailing in the Scottish seas, 
lint a group of marine shells, indicating a still greater excess of cold, 
has been brought to light since 1860 by the Kev. Thomas Brown, 
from glacial drift or clay on the borders of the estuaries of the Forth 
and Tay. This clay occurs at Elie in Fife, and at Errol in Perth- 
shire ; and has stlready afforded about 35 shells, all of living species, 
and now inhabitants of arctic regions, such as Leda tru?icata, TeU 
litia proxima (see figures, page 154.), Pccten Grcenlandicus^ Crenella 
l<evigata, Gray, Crenella nigra^ Gray, and others, some of them first 


♦ Smitb, of Jordan Hill, Geol. Quart. Journ., vol. vi. p. 387. 1S50. 


154 


AllCTlC SIIKLLS IN SCOTCH DlllF'r. 


[Cii. Kll. 


brought by C.'ipt/iin Sir K. Tarry from the coast of Melville Islanil, 
latitude 7(T N. These were all identiiied in 18(>3 by J3r. Torell, 
who had just returned from a survey of the seas around Spilz- 
bergeu, where he had collected no less than 150 species of mollusca, 


Fig. 135. Fig. 13(5. 



I.i'da truiictif.i 7\ lit nit pruu't/ni. 

a. r\tiMii)r of Iftt \ a, 0»itM<U‘ of Ii li \ 

« /}. luti-nor ui .-.iJiii'. li. InUTJor of 


living chiL'lly on a bottom of line mud derived from the nioruine.s of 
melliiig glaciers wliieh there protrude into the sea. lie informed 
me that the fos>il fauna of this Seoteh glaeial de])o>it exliibi^ not 
only the spi eies but aTo the peculiar varieties of molliisea now cha- 
racteri&tie of very liigh latitudes. Tlieir large size linplit*s that they 
formerly enjoyed a colder, or, Avhat was to them a more genial 
cliinale, tlian tliat now prevailing in llie latitude where they occur. 
Marine .-hells have also been femnd in the glacial drift of Caitlines.s 
and Aberdi*en>hire at heights of 251) feet, and in lianlV of 350 feet, 
and btratilied drift eontiiiuous with the above aseends to h<*ights of 
500 feet. There are, likewise, other dej)o>ils in Scotland very 
similar in charachu’ but devoid of shells more than 1000 feet high, 
resting on rocks giooved and polished hy ie(!-action. The want of 
marine .<hells in these last has naturally inclined some geologists to 
.-inspect that they may have been deposited in glacier lakes, and this 
opinion may he eorreet, although on this subject there is no small 
danger of draAving false conclusions from negative evidence, so par- 
tially do organi(j remain.s occur in glaciiil formations even in tliose 
of indubitably marine origin. WJien tiie gravel and sand arc of a 
porous nature; we can easily account fur the deconijmsition of the 
sliells and their total disaj)pearanec in the course of thousands of 
years, but a large part of the Scotch till is so impervious to Avater 
that the absence of fossil tcstacea leads us ratlier to suspect that it 
was originally the moraine of a terre.strial glacier, and, therefore, 
from the lirst devoid of sheiks. 

1 formerly suggested that the absence of all signs of organic lift? 
in a great portion of this drift might bo connected witli the severity 
of the cold, and also in some places With the depth of the sea during 
the period of extreme submergence ; but iny faith in such an hypo- 
thesis has been shaken by modern investigations, 4in exuberance of 
life having been observed both in arctic and antarctic seas of great 
depth, and Avherc floating ice abounds. Thus, Dr. Hooker enume- 
rates Crustacea, mollusca, serpulas, and other invertebrata, at depths of 
200 and 400 fathoms off Victoria Land, between latitudes 71° and 
78° S., and animal life was traced even to a depth of 550 fathoms ; 
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whilst MM. Torcill and Chydenius in ISfil obtained mollusca, be- 
tween Spitzber;?eii and Norway, at the enormous depths of* 1(K)0 and 
J 500 fatiioins, the temperature of the mud being between 32^ and 
33^ F ahrenheit. 

We Jiave seen that the scoring and polishing of the rocks in 
Scotland, as in Sweden and elsewhere, is not confined to the lam], 
but is seen to pass under the sea, the same furrows being so continu- 
ous as to imply that glaciers or continental ice once acted on a sur- 
face now submerged. Mr. Geikie observes that, on the west coast 
of Scotlaud, these glacial markings are almost always fresher at and 
below the present sea-level than at higher levels. In some places, 
even where the ice-moulded rocks are washed by the waves of the 
sea, they retain their finer stria?, and bosses of rock their rotinded 
and smoothed surfaces. Yet, at an elevation of 20 feet and upwards, 
the rounded outlines are broken, and all the exposed surfaces disin- 
tegrated by the water. In explanation of these peculiar appearances, 
he su}>poses, first, the sinking of land wliich had been polished and 
striated by continental ice in the manner before alluded to, page 144. ; 
secondly, a very recent date for the upheaval of tlie lowest 25 feet 
of tlie coast, a suggestion confirmed by the occurrence of a raised 
beach in which the recent shells agree w’itli those of the adjoining 
sea, and indicate a less glacial climate than those of an older beach 
found at a higher level, or about 40 feet above high-water mark. 
The u])per of the two beaches has suffered more from atmospheric 
action than the lower, and has evidently been exposed for a much 
longer time. 

liesides the proofs afforded by sliells at tlie lieight of about oOO 
feet, there are also on the mountains of many parts of Scotland, as, 
for example, on the Grampians, and on the Sidlaw and Pentland 
Hills, erratic blocks, at heights from 1000 to 2000 feet and upwards, 
so wholly unconnected with the mineral structure of the region where 
they lie, that they seem to point to a former period of submergence 
and floating ice. There is also another curious phenomenon bearing 
on this subject which the late Hugh Miller styled the striated 
‘‘ pavements ” of the boulder clay. Where portions of the till have 
been removed by the sea on the shores of the Forth, or in the in- 
terior by railway cuttings, the boulders embedded in what remains of 
the drift are seen to have been all subjected to a process of abrasion 
and striation, the striae and furrows being parallel and persistent 
across them all, exactly as if a glacier or iceberg had passed over 
them and scored them in a manner similar to tliat which the solid 
rocks below the glacial drift have so often undergone. It is possible, 
as Mr. Geikie conjectures, that this second striation of the boulders 
may be roferabl<3 to the second era of drift or floating ice.* 

Contorted Strata in Drift , — ^In Scotland the till is often covered 
with stratilicd gravel, sand, and clay, the beds of w’hich are some- 
times horizontal and sometimes contorted for a thickness of several 


* Geikio, ibid. p. 6S. 
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feet. Such contortions are not uncommon in Kortarshiro, where I 
observed them, among other places, in a vertical cutting made in 
1840 near the left bank of the South Esk, east of the Bridge of 
Cortachie. The convolutions of the beds of lino and coarse sand, 
gravel, and loam, extend through a thickness of no less than 25 feet 
perpendicular, or from h to c, fig. Iil7., the horizontal stratiticatioii 
being resumed very abruptly at a short distance, as beyond f, y. 
The overlying coarse gravel and sandr/, is in some places horizontal, 
in others it exhibits cross bedding, and does not partake of the dis- 
turbances which the strata 5, c, have undergone. The underlying 
till is exposed for a depth of about 20 feet; and we may infer from 
sections in the neighbourhood that it is considerably thicker, and 
that it rests on the edgess of highly inclined strata of old red sand- 
-^tone, as represented in the section. 


Tig. 137. 



S<»ction of coiit'jitoil drift ovorlying till, on h-ft bank of South Esk, noar Cort.n-hit*, in 18H» 
Height ot section seen, from u to </, about M) ieet. 

a. Sup'^rficial saml, with some boils of coarse gravel with cross bedding in narts—4 feet. 

A, r. ContfTteil beds •i'i feet in vertical lieii^ht, by the side ot wliich, ui the same eontiniious 
section, are seen horizontal beds ot stratilied drift, some of them with coarse gravel 
and l.»rge boulders. 

cf. Unstratitied red till, with large boulders of granite, gneiss, quartzite, &c., 20 feet 
thu'k, tlie red loam being deriveil from triturated old red sandstone. 
d, (I*, Similar till continued, thickness unknown. 

<?. Inclined strata of old red sandstone, not laid open in this place. 


In some cases I have seen fragments of stratified clays and sands, 
bent in like manner, in the middle of a great mass of till. Mr. 
Trimmer has suggested, in explanation of such phenomena, the in- 
tercalation ill the glacial period of large irregular musses of snow or 
ice between layers of sand and gravel. Some of the cliffs near 
Behring’s Straits, in which the remains of elcphanis occur, consist 
of ice mixed with mud .and stones; and Middendorf describes the 
occurrence in Siberia of masses of ice, found at various depths from 
the surface after digging through drift. Wo are as yet unacquainted 
with the mode of ojicration by which such intermixtures of earthy 
matter and ice are commonly produced, but we may easily conceive 
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their occurrence in Siberia, where the rivers flow from south to north, 
so that tlie thaw begins in the country where they take their rise, 
wliilc ill the lower regions which they overflow their channels are 
still choked up with ice and snow. In the arctic and antarctic 
regions also, the frozen surface of the sea at the base of lofty cliffs 
is sometimes seen to bo the receptacle first of rnud and sand, washed 
down from the land when there is a thaw, and then, when the cold 
returns, of dense masses of snow drifted by the wind over the edge 
of the clifl*. Ice-rafts, supporting such alternations of snow and of 
earthy and stony matter, have been seen floating from place to place 
in polar latitudes. Whenever the intercalation of siioiv and ice 
witli drift, whether stratified or unstratified, has t^iken place, the 
melting of the ice wilFcause such a failure of support as may giVe 
rise to flexures, and sometimes to the most complicated foldings. 

Hut in many cases the strata may have been bent and deranged 
by the mechanical pressure of an advancing glacier, or* by the side- 
way thrust of huge islands of ice running aground against sand- 
banks ; in ■which case, the position of the beds forming the founda- 
tion of the banks may not be at all disturbed by the shock. Mr. 
Geikie has described examples, in tlic basin of the Clyde, of ex- 
tremely contorted beds of sand and clay, which he attributes to 
powerful pressure experienced under a glacier or mass of continental 
icc. 

It should also be borne in mind that lateral pressure may be ex- 
erted simply by the weight of a heavy mass of materials thrown 
down on some adjoining area, to which pliant beds of clay and sand 
may extend. When a railway embankment is thrown across a marsh 
or across the bed of a drained lake, we frequently find that the foun- 
dation, consisting of peat and shell-marl, or of quicksand and mud, 
gives way, and sinks as fast as the embankment is raised at the top. 
At the same time, there is often seen at the distance of many yards, in 
some neighbouring part of the morass, a squeezing up of pliant 
strata, the amount of upheaval depending on the volume and weight 
of materials heaped upon the embankment. lu 18d2 I saw a re- 
markable instance of such a downward and lateral pressure, in the 
suburbs of Boston (U. S.), near the South Cove. With a view of 
converting part of an estuary overflowed at high tide into dry land, 
they had thrown into it a vast load of stones and sand, upwards of 
900,000 cubic yards in volume. Under this weight the mud had 
sunk down many yards vertically. Meanwhile the adjoining bottom 
of the estuary, supporting a dense growth of salt-water plants, only 
visible at low tide, had been pushed gradually upward, in the course 
of many months, so as to project five or six feet above high-water 
mark. The upwsed mass was bent into five or six anticlinal folds, 
and below the upper layer of turf, consisting of salt-marsh plants, 
mud was seen above the level of high tide, full of soa-shells, such as 
Mya arcmiriay Modlola plieatulay Sanytdnolaria fusca^ ^"assa obso- 
leta^ Nation triseriata^ and others. In some of these curved beds 
the layers of shells were quite vortical. The upraised area was lo 
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fi»et wide, and several Imndrcd yards Ion". Were an equal load, 
melted out of icebergs or coast-ice, thrown down on tlie floor oi a 
sea, consisting of soft mud and sand, similar dishirbanc(‘s and contor- 
tions might result in some adjacent }diant strata, yet tlie underlying 
more solid rocks might remain undisturbed, and lu'wer formations, 
perfectly horizontal, might be afterwards superimposed. 

Glaciation of Wahs^ England^ and Ireland . — 'Flic mountuiiis of 
North Wales were recognised, in 1842, by Dr. lluckhind, as having 
been an indcp('ndent centre of tlie dispersion of erratics,— great 
glaciers, long since ext i net, having radiated from the Snowdon i an 
heights in Carnarvonshire, through se\on principal valleys towards 
as many points of the compass, carrying with tliem larg(* stony frag- 
mc nts, and grooving the suhiacoiit rocks in as many <lin‘ctions. 

llesides this evidoiice of hind glaciers, Mr. Trimmer luid previously, 
in 1831, detected tlie signs of a great submergence in Wales in the 
Post-plioceiu peiiod. lie had observed stratilied drift, from which 
he obtained about a dozen species of mariiu' shell^, near tin* summ ' 
of Mod Tryfacn, a hill 1400 feet high, on the south side of tlie 
Menai Straits. Although liis observations were afterwards con- 
tinued by fhc late K. Forbes, and still later by ^Ir. Prestwich 
and Professor Pamsay, doubts as to the naturi* and age of tlie 
deposit still lingered in many minds. lUit on these subjects all 
doubt has at length been removed by aid of a long and deep cutting 
made through the drift in 1863 by the Alexandra Mining (’omjiany 
in search of slates. Tn this cutting a stratilied mass of incolierent 
sand and gravel, 3.3 feet thick, was laid open near the summit of 
Mod Tryfiien, containing shells, some entire, but most of them in 
fragments. In tlie summer of 1863 I examined the newly-opened 
section in coin|)!iny with the Uev. W. S. Symonds, and wc obtained 
20 species of shells on the spot, and found in tlic lowest beds of the 
drift large heavy Vjoulders of far-transported rocks, glacially polished 
and s^cratdied on more than one side. Underneath the wlioh* wo 
saw the edges of vertical slates exposed to view, which here, like 
the rocks in other parts of Wales, some at greater and some* at 
less elevations, exhibit, b(-ni*ath the drift, iineqnivoeal marks of 
]>roIonfred glaciation. Mr. R. I). Darbishiro, after a diligent search 
in 1863, formed a collection from tin’s same drift of Mod Tryfaen 
of no less than .34 species of inollusca, besides three characteristic 
arctic varii ties — in all .37 forms. Tlicy belong without oxc*eption 
to s]*eci(*s still living in Ilritish or more northern seas; cloven of 
them being exclusively arctic, four common to the arctic and Rritisli 
seas, and a larger jirofiortion of tlic remainder liaving a nortliward 
range, or, if found at all in the soutlicrn seas of Rritain, being com- 
paratively less abundant. . 

The wliole deposit has much the appearance of an accumulation 
ill sliallow water or on a b(*ach, and it probably acipiired its thick- 
ness during tlie gradual subsidence of the coast — an liypotlicsis which 
would require us to ascribe to it a high antiquity, since we must 
jAIow time, first for its sinking, and then for its re-cIcvation. As the 
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layers of shell-bearing sand and gravel are so porous, we may natu- 
rally feel surprise that they have escaped decomposition. To account 
for this, Mr. Darbishire suggests that a bed of overlying clay, nearly 
two feet thick, may, by its impermeable nature, have prevented the 
fossils from being dissolved by the jjereolation of rain-water. 

The elevation reached by these fossil shells on Moel Tryfaen iq no 
less than 1. "{(>() feet — a most important fact when we consider that we 
liavc scarcely a well-authenticated case as yet on record beyond the 
limits of Wales, whether in Europe or North America, of marine 
shells having been found in glacial drift at half the height above 
indicated. 

Mr. Darwin, after studying the Welsh glacial drift previously 
shown by Mr. Trimmer to have been of submarine origin, came fb 
the opinion that the land, when it was re-upheaved to it« present 
height, was covered a second time, at Iea«t in the higher valleys, by 
glaciers which swept the surface clean of all the rubbish left by the 
sea.* 

Professor Ramsay, also, in a “ ^lemoir on the Welsh Glaciers,” in 
1S.)1|, announced Ids conviction that there had been, first, an in- 
tensely cold period when the land was more elevated than riovr, then 
a submergence Ixmeath the sea, and lastly, are-elevation attended by 
a .‘second p(‘riod of glaciers. Although he had not been able to trace 
marine shclLs in the drift to a level exceeding 1300 feet above the sea, 
he estimated the probable amount of submergence during some part 
of the glacial period at about 23(X) feet ; for lie was unable to dis- 
tinguish the superficial sands and gravel wliich reached that high 
elevation from the drift which, at ]Moel Tryfaen and at lower points, 
contains shells of living species. 

The evidence of the marine origin of the highest drift is no doubt 
inconclusive in the absence of shells, so great is the resemblance of 
the gravel and sand of a sea beach and of a river’s bed, when organic 
remains are wanting ; but, on the other hand, when we consider the 
general rarity of shells in drift which we know to be of marine 
origin, we cannot suppose that, in the shelly sands of jMoel Tryfaen, 
we have hit upon the exact uppermost limit of marine deposition, 
or, in other words, a precise measure of the submergence of the laud 
beneath the sea during the glacial period. 

We are gradually obtaining proofs of the larger part of England 
north of a line drawn from the mouth of the Thames to the Bristol 
(3ianncl, having been under the sea and traversed by floating ice 
since the eoniniencomcnt of the glacial epoch. Among recent ob- 
servations illustrative of this point, I may allude to the discovery, 
by JMr. J. E. Bateman, lU'ar Blackpool, fifty miles from the sea, and 
at the height of 5G8 feet above its level, of till containing rounded 
and angular stones and marine shells, such as Turritella communis, 
Ptu'pura lapiUns, Cardium ednle, and others, among which Tro~ 
p/ion clathraium { — luisus l:iamjffiHs\ though still surviving iu 

* l^hilosopliical jMngnzine, scr, a., vol. xxi. p. 180. ^ 

t Qiuu't. Gool. Juuri)., 1852, vol. viii. p. 372. 
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North British seas, indicates a cold climate. Drift of similar cha- 
racter covers a large part of Ireland, although marine sliclls have 
not been detected in it at greater height than 600 feet, and very 
rarely higher than 500 ; but there can be no doubt that that island, 
like the greater part of England and Scotland, was for agog an 
archipelago traversed by floating ice. There was first a period 
when Ireland formed part of the continent of Europe, from whence it 
received the plants and animals now inhabiting it. In some part of 
this period its rocks were largely smoothed and striated by ice-action 
in the more rnoun iiiiious regions. After this there 'was great sub- 
sidence, and the eonvor-?loii of the island into an archipelago, fol- 
lowed by a re-elevation of land and a second continental period, 
alid, .after all those changes, a final separation from lOnghind and 
Wales.^ 

JVorfoIk Drift, — In England the monuments of the period of snl)- 
niergenee c.tn nowliere be so advantageously & ’vdied as in the (Mils 
of the Norfolk coast between llappisburgli and CVoiner. Veriical 
sections, varying in height from 30 to 300 foot, are tlune expOM’d to 
view for a distance of about fifty miles, where tlie series of formations, 
beginning with the lowest, is as follows : — First, chalk, with flints 
in nearly horizontal strata ; secondly, Norwich Crag, or a marine 
tertiary formation of the Newer Pliocene era, which extends from 
Weybouviic seven miles to Cromer, and tln^n thins out ; tliirdly, the 
forest bod, chiefly composed of vegetable matter, with seatt(‘rcd 
cones of the Scotcii and spruce firs, and many other recent plants, and 
with boiK's of the elephant and of other extinct and living species 
of mammalia. In tliis forest b(?d the stumps of many trees stand 
erect with their roots in an ancient soil. Fourtlily, a fluvio-marine 
scries, with aliundant lignite beds, and with alternations of fresh- 
water and marine strata of sand and clay, tlie shells lieing all of 
recent species ; fifthly, iirmly laminated bine clay wdtbout fossils, on 
which rests the boulder clay of the glacial })eriod, from 20 to 80 
feet thick, with far- transported erratics, some of them polished and 
scratched; sixthly, contorted drift; seventhly, superficial gravel and 
sand. 

In the Norwich Crag above mentioned, which will be described in 
chap, xiii., there is a small mixture (about 12 per cent.) of extinct 
species of shells, but in the overlying formations, beginning with the 
forest bed, the species are identical with those now living, and it is 
remarkable that, while the plants in the forest bed and lignite are 
such as now exist in Europe, and are nearly all of them indigenous 
in Great Britain, the mammalian fauna contains many conspicuous 
species which no longer survive in any part of the globe. Among 
these last, as appears from the rich collections of Messrs. Gunn and 
King, arc no less than three species of elephant, namely, first, the 
mammoth, E, primiyenius ; secondly, the elephant first observed in 
the Val d’Arno, E, meridionalis^ Nesti ; and, thirdly, E, antiquus^ 


^ See Antiquity of Man, by tho Author, chap. xiv. 
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in smaller numbers than the two former* These are accompanied 
hy lihinoceroB etrutcus (a species first .obtained from beds of the 
same age near Florence), Hippopotamm majar^ the common pig, a 
species of horse and of bear, the common wolf, a bison, the large 
Irish deer, the reindeer, and other deer, the common beaver, besides 
a larger extinct species, also the walrus, narwhal, and some others. 
They amount in all to about 20 species, of which rather more than 
half are extinct. 

It will be seen in the next chapter that the shells of some of the 
latest deposits of Norwich Crag show that great cold prevailed in 
the British seas before the close of the Newer Pliocene period ; 
when we speak, therefore, of the vegetation and quadrupeds of the 
Cromer forest being pre-glacial, we merely mean that fhey preceded 
the era of the general submergence of the British Isles beneath the 
waters of the glacial sea. That they were anterior to that submer- 
gence may be inferred from the superposition on the 'forest and 
lignite beds of the vast load of boulder-clay above alluded to, which 
contains far-transported blocks, some of Scandinavian origin, and 
probably floated from the north when Norway and Sweden were 
as iniieh covered with ice as the modern continent of Greenland, 
(^tlier portions of the till may have come from the north-west, as 
they comprise the wreck of the Cretaceous, Oolitic and older British 
formations. 

TIio fluvio-marine series affords distinct evidence of several alter- 
nations of fluviatile, marine, and terrestrial conditions. Besides the 
Ibrest bed, for example, Professor Philips has observed at one point 
a growth of land-plants in an erect position, at a higher level, and 
j\Ir. King has found intercalated beds in whicli bivalve shells, such 
as Mya trnneata^ are so placed erect in the loam with their siphun- 
cuhir ends uppermost, as to show, as unmistakeably as does the erect 
position of the trees with their roots still flxed in their original soil, 
that they lived on the spot where they are now entombed. It was 
stated tliat upon the fluvio-marine formation repose laminated clays 
without fossils, and these are followed by great masses of till or 
unstrati fled clay from 20 to 80 feet thick. Among the included 
fragments of rock are some of granite, the largest of which are from 
6 to 8 feet in diameter ; also syenite, of Scandinavian origin, and 
thw wreck of the Norwich Crag, London Clay, chalk, oolite, and lias, 
with boulders of more ancient fossiliferous rocks. 

• The cliff-sections above described show that in various parts of 
Norfolk and Suffolk several of the extinct as well its the living 
s[>ecics of mammalia lived after the accumulation of the glacial till 
and boulders, as well as before it. The Elephas primigenius aflbrds 
an example of one of these extinct species, and in many British lo- 
calities the Elephas antiquus and Hippopotamus major occur in the 
alluvium of valleys of later date than the marine boulder clay. 
Some of the valleys in question have been excavated through tho 
glacial drift after the latter ha*d been upraised from the bed of 
the sea. 
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At Mundesley,in the Norfolk cliffs, and at Iloxiie, not only has sucli 
denudation taken place, but the hollows near Diss, in Suffolk, scooped 
out of the drift have been again tilled up with freshwater strata, in 
some of which the remains of the elephant have been discover<*d.* 

One of the formations of the Norfolk cliffs, above mentioned as 
overlying the till, has been called contorted drift, so frequently are its 
beds of gravel, sand, and clay, bent and folded back upon themselves, 
ill the same manner ns parts of the Scotch drift, represented in fig. 137., 
j). lo6. In some cases these contortions extend for a height of 70 or SO 
feet, and they are coiled round isolated masses of chalk, such as may 
have fallen in landslips from a perpendicular clitf on the surface of 
a frozen sea, or of an ice-island first driven by the winds and cur- 
•reivts against a steep coast, and then carried away again by a change 
of tile wind until it grounded in a sea of sullicient depth to allow of 
the deposition of its earthy and stony burthen on the spot where it 
melted oiv tlie bottom of the sea. The bent and disturbed beds often 
rest on strata of sand and clay, which arc p(M-fcctly horizontal, lii 
those places where the contortions are on the greatest scale, as at 
Sherringliam for example, the chalk wdth flints at the base of the 
dills retains its hoiizoiitality. and has evidently not participated in 
the slighte.'‘t degree in the violent movements to which tlu^ stratilitMl 
drift and the huge masses of chalk, transported bodily from their 
original position, boar testimony. The probable causes of sudi 
partial derangement in the strata so peculiarly cliaracteristic of the 
glacial period have already been spoken of (p. 137.). The succes>i\e 
deposits seen in direct superposition on the Norfolk coast imply at 
first the prevalence over a wide area of the Newer Plioemie sea. 
Afterwards the bed of this sea was converted int<j dry land, ami 
umlerweiit several oscillations of level, so as to be first land, sup- 
porting a forest, then an estuary, then again land, and finally a sea 
near tha mouth of a river, till the downward movement became 
great as to convert the whole area into a sea of considerable dt»plh, 
in which much floating ice carrying mud, sand, and boulders melted 
and let fall its burthen to the bottom. Finally, over the till, witli 
boulders, stratified drift "was formed, after which, but not until the 
total subsidence had amounted to more than 400 feet, an upwanl 
movenieiit began, which re-elevatcd the country, so that tlio lowe.-'t 
of the terrestrial formations, or the forest bed, was brought up to 
nearly its pristine level in such a manner as to ho exposed at low 
tide. Both the descending and ascending inovemeuts seem to have 
been very gradual. 

GLACIAL FORMATIONS IN NORTH AMERICA. 

In the western hemisphere, both in Canada and as far south as 
the 40th and even 38th parallel of latitude in the United States, we 
meet with a repetition of all the peculiarities which distinguish the 

* For a fuller account of these Norfcflk deposits, sec Lycll, Antiquity of Man, 
chap. xii. 
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Kiiropefin boulder formation. Fragments of rock have travelled for 
great distances, especially from north to south : the surface of the 
subjacent rock is smoothed, striated, and fluted ; unstratified mud or 
till containing boulders is associated with strata of loam, sand, and 
clay, usually devoid of fossils. Where shells are pre8ent,,they are 
of species still living in northern seas, and half of them identical 
with those already enumerated as belonging to European drift. The 
fauna also of the glacial epoch in North America is less rich in 
species than that now inhabiting the adjacent sea, whether in the 
Gulf of St. Lawrence, or off the shores of Maine, or in the Bay of 
Massachusetts. 

The extension on the American continent of the range of erratics 
during the Post-pliocene period to lower latitudes than they reached 
in Europe, agrees well with the present southward deflection of tlie 
isothermal lines, or rather the lines of equal winter ter^>erature. 
It seems that formerly, as now, a more extreme climate* and a more 
abundant supply of floating ice prevailed on the western side of the 
Atlantic. 

Another resemblance between the distribution of the drift fossils 
ill Europe and North America has yet to be pointed out. In Canada 
and the United States, as in Norway, Sweden, Scotland, and Europe 
generally, the marine shells are confined to very moderate elevations 
above the sea (between 100 and 700 feet), while the erratic block.^ 
and the grooved and polished surfaces of rock extend to elevations 
of several thousand feet. 

I described in 1839 the fossil shells collected by Captain Bayfield, 
from strata of drift at Beauport, near Quebec, in lat. 47®, and drew 
from them the inference that they indicated a more northern climate, 
the shells agreeing in great part with those of Uddev*alla in Sweden.* 
The shelly beds attain at Beauport and the neighbourhood a height 
of 200, 300, and sometimes 400 feet above the sea, ami. dispersed 

Fig. 13S. 



K. Mr. Ryland’s house. <f. Drift, with boiilderi of svenite, 

A. Clav and sand of higher grounds, with c. Yellow sand. 

Snxicavit, ^tc. 6. L.mMnated clay. 25 feet thick. 

g. Craved uith boulders. A. Horiaontal low'er SilurUn strata. 

/. Mass nf Snxtctiva rttgosa^ 12 feet thick. B. Valley re*excavated. 

c. Sand and loam with Myra truncata^ Sea- 
laria grarn/<ifu/ic<i, Ac. 

through some of them are large boulders of granite, w’bich could not 
have been propelled by a violent current, because the accompanying 
fragile shells are almost all entire. They seem, therefore, said Captain 
Bayfield, writing iu 1838, to have been dropped down from melting 
ice, like similar stones which are now annually deposited in the 

* Gcol. Trans., 2i] scries, vol.vi. p. 135. similar conclnsions as to climate from the 
Mr. Smith of Jordan Hill had arrived at shells of the Scotch glacial drift. 
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St, Lawrence.* I visited this locality in 1842, and made the annexed 
section, fig. 138., which will give an idea of tho general position ot 
the drift in Canada and tho United States. I imagine that tho whole 
of the valley, B, was once filled up with tho beds c, rf, which 
were deiposited during a period of subsidence, and that subsequently 
the higher country (4) was submerged and overspread with drift. 
The partial re excavation of B took place when this region was again 
uplifted above the sea to its present height. Among the twenty-three 
species of fossil shells collected by me from these beds at Beauport, 
all were of recent northern species ; the only supposed exception, 
Asiarfe l^aurentiafia^ being now considered by good conchologists as 
a variety of the British A, compressa (see fig. 139.). I also examined 


Fig. 130. 



o ^ 

AsUnU towprt'ssn, Flotp. — A. l.ant entinna. 


a. Outside. 6. Inside of right vaUe. c. Left valve. 

the same formation farther up the valley of the St. Lawrence, in the 
suburbs of ^lontrcal, wlnu’c some of the boils of loam are filled with 
great numbers of the Mytilus edulis^ or our common Kuropoan mus>el, 
retaining both its valves and its purple colour. This shelly deposit, 
contaiuing among other marine shells Saxicava rngosa^ characteristic 
of the glacier drift of Sweden, also occurs at an elevated point on 
the mountain of ^luntreal, 450 feet above tin; level of the sea.f 
In my account of Canada and the United Slates, published in 
1845, I announced the conclusion to which I had then arrived, that 
to explain the position of erratics and the poli.'^lied .surfaces of rocks, 
and their stria; and flutiiigs, we must assume first a gradual siih- 
inergeinie of the land in Nortli America, aftiu’ it had acquired its 
present outline of hill and valley, cliff and ravine, and tlnm its 
re-cinergence from tlie ocean. In order to account for the universal 
glaciation of the surface of the solid rocks, on which the drift 
reposes in the neighbourhood of the groat lakes^ and north and south 
of the St. Lawrence, it seemed necessary to assume the action of 
ice previous to all deposition of drift or tran.sportation of erratics 
Tho general direction of the furrows from north to south, for they 
rarely deviate more than 1(P or 20^ to the cast or west of the meridian, 
seemed to favour the idea of their being for the most part due to 
the running aground of icebergs drifting from arctic latitudes. 
Tlie absence in many regions, as in the Niagara district, of high 
mountain chains, and the extension of undiminished ice action as far 
south as the 40th parallel, made me unwilling to appeal, save in 
some exceptional cases, to land glaciers as the principal agents of 

^ Proccciling*? of Ocol Sor., Xu. <13 p. ll‘j. 

t Travels in N. Atficriea, vol. ii. p. HI, 
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this glaciation. I assumed, therefore, that %vhilc the land was 
slowly jinking, the sea which bordered it was covered with islands 
of floating ice coming from the north, which, as they grounded on 
the coast and on shoals, pushed along such loose materials of sand 
and pebbles as lay strewed over the bottom. By this force all 
angular and projecting points were brokeft off, and fragments of hard 
stone, frozen into the lower surface of the ice, scooped out grooves 
ill the subjacent solid rock. The sloping beach, as well as the floor 
of the ocean, might be polished and scored by this machinery, pro- 
ducing such long, straiglit, and parallel furrows, as are everywhere 
visible in the Niagara district, and generally in the region north of 
the doth parallel of latitude.* 

TJiis hypothesis of a slow and gradual subsidence of the land 
CMiables us to imagine that the poli^shing and grooving action may 
liiive been going on simultaneously with the transportation of the 
erratics. During the successive depression of high land, varying 
originally in height from 10(X) to 3000 feet above the sea-level, every 
portion of the surface would be lirought down by turns to tlie level of 
tlie ocean, so as to be converted first into a coast-line, and then into 
a shoal j and at length, after being well scored by the stranding upon 
it year after year of large masses of coast-ice and occasional icebergs, 
iniglit l^e sunk to a depth of several hundred fatlio.ms. By the con- 
stant depression of land, the coast would recede farther and farther 
from the successively formed zones of polished and striated rock, 
each outer zone becoming in its turn s6 deep under water, as to be 
no longer grated upon by the heaviest icebergs. Such sunken areas 
would tlicn simply serve as receptacles of mud, sand, and boulders 
dropped from melting ice, perhaps to a depth scarcely, if at all, in- 
habited by testacea and zoophytes. Meanwhile, during the formation 
of the unstratilied and iiiifossiliferous mass in deep water, the 
smoothing and furrowing of shoals and beaches would still go on 
elsewhere upon and near the coast in full activity. If at length the 
subsidence should cease, and the direction of the movement of the 
<*arth’s crust be reversed, the sunken area covered with drift would 
be slowly reconverted into land. The boulder deposit, before 
mnerging, would then for a time be brought within the action of 
the waves, tides, and currents, so that its upper portion, being 
partially denuded, would have its materials rearranged and stratified. 
Streams also flowing from the land would in some places throw down 
layers of sediment upon tlie till, . In that case, the order of super- 
position will be, first and uppermost, sand, loam, and gravel occa- 
sionally fossiliferous ; secondly, an unstratlfted and nnrossiliferous 
mass called tilly for the most part of much older date than the pre- 
ceding, with angular erratics, or with boulders interspersed ; and 
thirdly, beneath the wliole, a surface of polished and furrowed rock. 

If wo reflect on the vast area over which the dispersion of marine 
glacial drift is now in progress, we shall at once see that it must 


Travels in N. America, voL ii. chap. xix. p. 99. 
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equal, if it does not greatly exceed, the space over whicli glaciers 
and continental ice are moving. It would, therefore, have been in 
the highest degree perplexing if wo had not met with proofs of 
submarine glaciation on a most extensive scale, including all the 
phenomena of polishing, scratching, furrowing, and rounding of 
rocky surfaces, and the transportation of erratics and finer mate- 
rials ; seeing that there is so much evidence everywhere in Phiropo 
and North America of the conversion of sea into land, as well as 
hind into sea, since the commencement of the glacial epoch. 

But although a largo portion of the drift of North America has 
been due, like that of Europe, to floating ice and a period of siib- 
mergonco, tliat continent has also had its land-ice, and its centres of 
dispersion of erratic blocks. The White Mountains of New Hamp- 
shire, lat, 44® N., the loftiest of which is more than G(XX) feet high, 
may be cited as an example; and the late Professor Hitchcock in- 
ferred that some of the highest hills in Mas'^achusetts once sent 
down their glaciers into the lower country. I have already men- 
tioned that in Europe several quadrupeds of living, as well as 
extinct, species were common to pre-glacial and })Ost-glacial times. 
In like manner there is reason to suppose that in North America 
much of the ancient mammalian fauna, together with nearly all the 
iiivertebrata, lived through the ages of intense cold. 

That in the United States the Mastodon yiganteus was very 
almndant after the drift period, is evident from the fact that entire 
skeletons of this animal are i6ct with in bogs and lacustrine deposits 
occupying hollows in the drift. Thby sometimes occur in the bottom 
even of small ponds recently drained by the agriculturist for the sake 
of the shell-rnarl. I examined one of these spots at Genesoo, in the 
State of New York, from which the bones, skull, and tusk of a Mas- 
todon bad been procured in the marl below a layer of black peaty 
earth, and ascertained that all the associated freshwater and land 
shells were of a species now common in the same district. They 
consisted of several species of Lymnea^ of Planorbis bicarinatus, 
Physa hetcrostropha-y &c. 

In 1845 no less than six skeletons of the same species of Mastodon 
were found in Warren county, New Jersey, six feet below the surface, 
by a farmer who was digging out the rich mud from a small pond 
which he had drained. Five of these skeletons were lying together, 
and a large part of the bones crumbled to pieces as soon as tliey were 
exposed to the air. But nearly the whole of the other skeleton, 
which lay about ten feet apart from the rest, was preserved entire, 
and proved the correctness of Cuvier’s conjecture respecting this 
extinct animal, namely, that it had twenty ribs like the living 
elephant. From the clay in the interior within the ribs, just where 
the contents of the stomach might naturally have been looked for, 
seven bushels of vegetable matter were extracted. I submitted some 
of this matter to Mr. A. Ilenfrey of London for microscopic exami- 
nation, and ho informs me that it consists of pieces of small twigs 
of a coniferous tree of the Cypress family, probably the young 
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shoots of the white cedar, Thuja (mcidentalis^ still a native of North 
America, on which therefore we may conclude that this extinct 
Mastodon once fed. 

Another specimen of the same quadruped, the most complete and 
probably the largest ever found, was exhumed in 1845 in the town 
of Newburg, New York, the length of the skeleton being 25 feet, 
and its height 12 feet. The anchylosing of the last two ribs on the 
right side alforded Dr. John C. Warren a true gauge for the space 
occupied by the intervertebrate substance, so as to enable him to 
form a correct estimate of the entire length. The tusks when disco- 
vered were 10 feet long, but a part only could be preserved. Tlie 
large proportion of animal matter in the tusk, teeth, and bones of 
some of tliese fossil mammalia is truly astonishing. It amounts in 
some cases, as Dr. C. T. Jackson has ascertained by analysis, to 27 
j)er cent. ; so that when all the earthy ingredients are lymoved by 
acids, the form of the bone remains as perfect, and the mass of 
animal matter is almost as firm, as in a recent bone subjected to 
similar treatment. 

It would be rash, however, to infer from such data that these qua- 
drupeds were mired in modern times, Unless we use that term strictly 
in a geological sense. I have shown that there is a fluviatile de- 
j)osit in the valley of the Niagara, containing shells of the genera 
MvUm'my Lymnen^ J^lanorbis, Valvata^ Cydas, Unto, Helix, &c., 
all ol* recent species, from wdiicli the bones of the great Mastodon 
liave ])ecn taken in a very perfect state. Yet the whole excavation 
of the ravine, for many miles below the Falls, has been slowly 
elfected since that fluviatile deposit was thrown down. 

Whether or not, in assigning a period of more than 30,000 years 
for the recession of the Falls from Queenstown to their present site, 

I have over or under estimated the time required for that operation, 
no one can doubt that a vast number of centuries must have elapsed 
bef ore so groat a series of geographical changes were brought about 
as have occurred since the entombment of this clepliantine quadruped. 
The freshwater gravel which .encloses it is decidedly of much more 
mod(*rii origin than the drift or boulder-clay of the same region.* 

Other extinct animals accompany the Mastodon giganteus in the 
post-glacial deposits of the United States, among which the Casto- 
roides ohioensis, Foster and Wyman, a huge rodent allied to the 
beaver, and Capybara may be mentioned, lint whether the “ loess,” 
and other freshwater and marine strata of the Southern States, in 
which skeletons of the same Mastodon are mingled with the bones 
of the Megatherium, Mylodon, and Megaloiiyx, were contempora- 
neous with the drjft, or were of subsequent date, is a chronological 
question still open to discussion. It appears clear, however, from 
what we know of the pliocene and post-tertiary fossils of Europe— 
and I believe the same will hold true in North America, that nearly 
all, if not all, the species of testacea and most of the mammalia 

* Travels in N. America, vol. I. chap, ii., and Principles of GcoL, chap. xtv. 
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which existed prior to the glaciibl epoch survived that era. Tlie 
fact is important, as refuting the hypothesis, lor whicli some have 
contended, that the cold of the glacial period was so intense and 
universal as to annihilate all living creatures throughout the globe. 

That the cold was greater for a time than it is now in certain parts 
of Siberia, Europe, and North America, will not be disputed ; but, 
before we can infer the universality of a colder climate, we must 
ascertain what was the condition of other parts of the northern, and 
of the whole southern hemisphere, at the time when the Scandinavian, 
llritish, and Alpine erratics were transported into their present 
position. It must not be forgotten that a great deposit of drift and 
erratic blocks is now in full progress of formation in the southern 
li'emrsphere, in a zone corresponding in latitude to the Baltic, and to 
Northern Italy, Switzerland, France, and England. Should the un- 
even bed of the southern ocean be hereafter converted by upheaval 
into land, the hills and valleys will bo strewed over with transported 
fragments, some derived from the antarctic continent, others from 
islands covered with glaciers, like South Georgia, which must now bo 
centres of the dispersion of drift, although situated in a latitude 
agreeing with that of the Cumberland mountains in England. 

Not only are these operations going on between theloth and 60th 
parallels of latitude south of the line, while the corresponding zorui 
of Europe is free from ice ; but, what is still more worthy of remark, 
we liiid iu the southern hemisphere itself, only 900 miles distant 
from South Georgia, where the perpetual snow reaches to the sea- 
beach, lands covered with forest, as in Terra del Fu('go. There is 
here no ditference of latitude to account for the luxuriance of 
vegetation in one spot, and the absolute want of it in the other; but 
among other refrigerating causes iu South Georgia may be enU' 
luerated ihe countless icebergs which float from the antarctic zone, 
find which chill, as they melt, the waters of the ocean, and the sur- 
roiiuding air, which they fill with dense fogs. The contrast of cli- 
mate and glacial conditions in corresponding zones of the iiortlK^rn 
and soutlierii hemispheres, and even in corresponding hititudi's on 
the same side of the equator, makes it highly probable tluit the 
extreme of cold in the glacial period was not experienced simulta- 
neously in North America and ECirope. 

Connection of the predominance of lakes with glacial action . — 
It has been truly remarked that lakes are very common in those 
countries where erratics, striated boulders, and rock surfaces, with 
other signs of glaciation abound ; and that they are comparatively 
rare in tropical and subtropical regions. When travelling over 
some of the lower lands in Sweden, far from mountains, as well as 
over the coast region of Maine in the United 'States, and other 
districts in North America, I was much struck with the innu- 
merable ponds and small lakes, of which counterparts are described 
as equally characteristic of Finland^ Canada, and the Hudson’s Bay 
Territories. I have never seen any similar form of the surface 
south of latitude 40® N. in the western, and 50° N. in the 
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eastern hemisphere. The relation of a certain number of these 
sheets of water to the glacial period is obvious enough, for not 
a few of them are dammed up by barriers of unstratified drift, such 
as may have constituted the terminal and lateral moraines of glaciers, 
or may have been tlirown down from melting icebergs when the 
country was still under water. To this class of lakes and ponds the 
term “ morainic ” has been applied. But I agree with Professor Ram- 
say, that the origin of many, even of the moderate-sized depressions 
now filled with water, cannot be so explained, because many of them 
have their barriers formed of solid rock. 

With reference to cavities of large dimensions containing water 
in mountainous regions, they have been truly said to lie almost uni- 
versally in the course of valleys of erosion, being, like them, n&rrow 
in proportion to tlieir length. If many of them run in the lines 
of great rents and faults, traversing the older rocks^ this is no 
more timn may be said of most of the longitudinal and transverse 
valleys of every mountain chain. Mr. Jukes has well observed that 
lake-basins are by no means caused by rents gaping or widening in 
their higher extremities ; and he adds that where fissures lia\e 
been examined by miners in the interior of the earth, whether the 
rocks have been shifted or not, they are usually only a few feet wide, 
and even when traced for more than 1000 feet in a vertical direc- 
tion, they preserve a remarkable uniformity in width, l^or are 
valleys and lake-basins the result of the engulfment or the swallow- 
ing uj) ill subterranean abysses of masses once at or near the surface. 
Had this l>een the case, we should not find, as we now do, the same 
strata often eontliiuoiis from side to side, at tlie upper and lower 
ends of the lake. It is evident tliat the materials which once filled 
the basin have been gradually removed, so that older formations are 
now exposed to view on tlie bottom. It may be said of the particu- 
lar masses of rock now constituting the sides of such cavities, as we 
may affirm of valleys in general, that they were never nearer each 
other than they are at present. The only question, then, to be dis- 
cussed is, wlietlier the denuding cause was ice or ruuniiig water — a 
glacier or a river. 

At the foot of every cataract we sec that the water has formed a 
dee)) eirciihir pool. In like inaiifter it is suggested that ice, descend- 
ing a prccijiice or steep slope, and rubbing off sand and stones from 
the surface of the same, may, when it reaches the bottom and presses 
on it with its whole weight, so grind down and wear away the rock, 
as to scoop out one of those cavities called tarns. But if we admit 
such a process as matter of speculation, we must at the same time 
su))poso that after it has worked out a cavity it loses all power to 
extend the same, being wholly unablo to cut a gorge through the 
barrier forming the lower margin of tho tarn at the point where the 
discharge of ice formerly took place, and where a stream now issues. 
This diminished force of erosion wherever the ice has to ascend a 
slope, or to move horizontally, seems adverse to the hypothesis ad- 
vanced by Professor Ramsay of the formation of lakes of considerable 
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length and depth by glaciers. Yet the advocates of the origin of 
lakes by ice-action do not hesitate to appeal to the same causation to 
account for the largest Swiss and Italian lakes at the northern and 
southern foot of the Alps, such as those of Geneva, Como, and Lago 
Maggiore, which vary from twenty to nearly fifty miles in length, and 
in depth from 500 to 2000 feet, and more. 

Jn speculating on such a mode of origin, nro feel greatly tlie want 
of positive data, which might enable us to test the actual power of 
a glacier to scoop cavities out of a flo(4- of subjacent rock. It may. 
however, be remarked, that wdiere opportunities are enjo}X‘d of 
seeing part of a valley from which a glacier has retreated in his- 
torical times, no basin-shaped hollows are conspicuous. Dome- 
shaped protuberances, the “ roches moutonnees ” before described, 
are frequent ; but the converse of them, or cup and sain'er-shapiul 
cavities, aro wanting. Everywhere we behold proofs that tlie 
glacier, by the aid of sand and pebbles, can grind down, polish, and 
plane the bottom ; but it seems incapable of doing more, altbougii 
the fundamental rocks must, in diflerent places, be of very unerpial 
hardness. It is also well know^n that at certain points in the course 
of some of the principal glaciers of the Alps, transverse rents in the 
ice, or crevices, several feet wide and of great number and depth, 
occur, winch arc referred by geologists to inequalities in the ground 
l)elow-, over wiiich the icy mass is pushed. In such instances, thongli 
the ice moves on and the old crevices close up, others of pnjcisely 
the same form and dimensions are renewed every year, century afbT 
century, in the same place, implying that even wlierc the declivity 
is very great, and the propelling force from behind enormous, the 
i*‘e cannot saw through and get rid of the obstacles which inqiede 
the freedom of its onward march. 

When w'o are endeavouring to form sound opinions as to the 
relation of the frequency of lake-lmsins to an antecedent glacial 
period, w^e must not forget that such basins, large and small, are 
met with in all latitudes, an^ that there are lacustrine deposits of all 
geological epochs, attesting the existence of lakes at times wdien no 
one is disposed to attribute them to the agency of ice. In Central 
France, for example, in the Miocene and Eocene periods, there were 
lakes of considerable dimensions when the climate, like that of the 
preceding Cretaceous era, w^as sub-tropical. It would, indeed, bo 
the most perplexing of all enigmas if we did not find tiiat lake- 
basins were now, and had been at all times, a normal feature in the 
physiognomy of the earths surface, since we know that unequal 
movements of upheaval and subsidence are now in progress, and 
were going on at all former geological periods. • 

It needs but little rejection on this subject to discover that, w'hcn 
such changes of level are in progress, some of the principal valleys can 
hardly fail to be converted in some parts of their course into lakes of 
considerable magnitude. To escape euch a result we should have to 
assume that the greatest elevatory movement always conforms to the 
central axis of every chain, or, what would be still more singular, 
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that it coincides in direction with every water-shed. Occasionally; 
no doubt, there would be such a coincidence, and if so, the upheaval, 
instead of interfering with the drainage and damming back the 
rivers, would, by increasing the fall of water, tend even to oblite- 
rate such lakes as pre-existed. But sometimes upheaval will be in 
excess in the lower part of the valley, and at other times (which 
would equally produce lake-basins) there would be an excess of 
subsidence in the higher region, the alluvial plains below sinking at 
a less rapid rate, or being, perhaps, stationai^r. 

When controverting, in 1863, in the first edition of my “ Antiquity 
of Man” (j). 316.), Professor Ramsay’s hypothesis of the scooping 
out by ice of long and deep cavities like those containing the Swiss 
and Italian lakes, I proposed to substitute for his ice-agency the 
theory of unequal movements of upheaval and subsidence. I assumed 
that the Alpine region had been exposed for countless .ages to the 
action of rain and rivers from Older Pliocene if not from Upper 
Miocene times, and 1 therefore inferred that the larger valleys, 
throughout the greater part of their depth and width, were of pre- 
glacial origin. If they were not so, it seemed to me that we should 
bo ciillcd upon to explain a more difficult enigma tiuin the origin of 
the l:ikc-basins, namely, why the rivers had been idle for a million 
years or more, leaving to glaciers the task of doing in comparatively 
mo<lern times the wliole work of excavation. 

The Alps are from 80 to 100 miles across. Let us suppose a central 
depression in this chain at the rate of 5 feet in a century, while the 
intensity of the movement gradually diminishes as it approaches the 
outakirts of the chain, till at length it dies out iir the surrounding 
lower region. After a long continuance of such a change of level, 
there will not only be a lessened fall of all the rivers, but the courses 
of many of them will, at various points, especially near the foot of 
the mountains, be converted into lakes. If, in the case of Wales, we 
can demonstrate an upward movement of 1400 feet during a part'of 
the glacial epoch, we may well suppose still greater alterations of 
level in the Alps, and agree with Charpeutier that those mountains 
which from a remote geological era have been the theatre of reite- 
rated upward and dowi|||rard movements may have been at the 
time of the most intense cold, three thousand feet higher than they 
are now. They may also have been lowered again, as I have else- 
where suggested (“Antiquity of Man,” p. 321.), before the close of 
the Glacial epoch, and oscillations of such magnitude may well 
have been accompanied by such inequalities of movement as 
would inevitably have turned some parts of the pre-existing 
valleys into the^ reteptacles of vast bodies of ice, destined after- 
wards to be converted into water. We know that in the earth- 
quake in the northern llland of New Zealand, in January, 1855, 
there was a permanent rise of land on the northern shores of Cook’s 
Strait to the extent of 9 feet vertically. On one side of Muko- 
III uka Point, or immediately to the east, there was no movement, 
while on the other side, or to the westward, there was a gradual dimi- 
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nution of the upheaval from 9 feet to a few inches, until, at a ilistaiH^e 
of aboiU 23 miles, no change of level was percej)til>le. Simultaneously 
w’ith this elevation of land, there "was a sinking of the low coast to 
the amount of 5 feet in the middle island soutii of Cook’s Strait. The 
repetition of such unequal movements may, in a time geologically 
brief, turn parts of any valley into a lake. In Finmark an ancient 
water-level has been carefully measured along the borders of a fiord, 
rising gradually at the rate of 4 feet in a mile for 30 miles from south 
to north, until at one QKtreniity it attains an elevation of 135 feet 
above the other end, and this movement is of post-pliocene date. 
Whenever the lower part of a fiord or valley is thus raised, or 
wherever, in the upper portion, subsidence is in like manner in 
• excess, a lake-basin may result as above stated. If tlitu*e be no ice, 
tlie formation of a lake will depend on the relation of two forces : 
the rate at which the land is raised or sunk, and the rate at which 
the river can deposit sediment in the new depression. KShould the 
movement be very slow, the river may fill the incipient cavity w’th 
mud. sand, and pebbles, as fast as it is formed, and having levelled 
it up may afterwards cut through the new stony harrier at the 
lower margin of the depressed area ; but if the capacity of the new 
basin iiicreas(^s at too great a rate, the river will only he able to 
encroach partially upon it by forming a delta at its higher extremity. 
If the change takes ])lace in a glacial period, the thickness of the 
ice will augment from century to century, not in coiiseciueiice of 
erosion, but simply because the contour of the valley is becoming 
gradually more basin-shaped. The mere occupancy, therefore, of 
cavities by ice, by preventing fluviatile and lacustrine deposition, is 
one cau«e of the abundance of lakes, which will come into exist- 
ence Avhenever the climate changes and the ic(i melts. 

In Switzerland there are lacustrine formations of the Post- 
plioccne period, which show that the Lake of Zurich, and some 
other Swiss lakes, were formed before the erosive power of ice had 
been exerted in that country (“Antiquity,” p. 314.). In Scotland, also, 
there is evidence that some of the main valleys by which the drainage 
now takes place were in. existence befoA5 the Glacial epoch. Hut 
although most of the valleys of the and some of the lakes 

were pre-glacial, there seems ground for suspecting that not a few of 
the valleys were converted into lake- basins during the long series 
of ages in tvliich ice prevailed. In support of this view, many good 
observers affirm that below the present outlet of the great lakes in 
Switzerland and Italy, an ancient fluviatile alluvium may be seen, 
on which the moraines of the great glaciers which once traversed 
the lakes repose. The pebbles in these old albiriums comprise all 
those varieties of rock^ which belong to the upper course of the 
valley above, or to tributary valleys in the tame higher region. The 
phenomenon here alluded to would be in perfect accordance with 
the theory that the rivers were once continuous, or not intercepted 
by lake-basiiis destined to be filled and traversed by glaciers. It is 
unnecessary to resort to M. de Mortillot’s hypothesis, that each basin 
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was first filled up with alluvium sometimes above 2000 feet thick, and 
that this was afterwards cleared out by a glacier, for such removal 
would imply a capacity of erosion which we are not warranted to 
assume, and which, if granted, might have enabled the ancient 
glacier of the Rhone to excavate the basin of the Lake of Geneva 
out of the mioeene molasse. Dr. Falconer, Mr. Ball, and other 
writers, have pointed out that the form of several of the great Italinn 
lak(?s, such as Como, Maggiore, and Garda, is by no means in harmony 
witli the hypothesis that they have been hollowed out by great 
glaciers which once passed through them. 

From the analogy of flowing water, we have reason to suspect 
that ice would move slower and exert less friction on the bottom 
in proportion to the depth of the cavity which it fills, for the 
motion of a glacier resembles that of a river — the upper strata 
moving faster than the lower ; and if there be a depth of 2600 
feet, as in Lago Maggiore, it is difficult to conceive, when the 
principal discharge of ice is almost entirely effected in the upper 
j>art of the mass, that the movements at the bottom w'ould be 
sufficiently energetic to enable the ice to penetrate deeply into the 
ro(‘ks below. A still more serious objection to the ice-origin of 
lake-basins is deducible from the absence of such basins of the first 
* magnitude in the plains of the Po at certain points where the greatest 
of the extinct glaciers once came down from the Alps, leaving their 
gigantic moraines in tlie low country. Of this absence, the finest 
example occurs at Ivrea and south of it, where we observe a moraine 
more than loOO feet high in its northern part, consisting of mud, 
stones, and largo erratic blocks, evidently brought down from? the 
tw'o higlicst of the Alps, Mont Blanc and Monte Rosa. This old 
moraine, wdien it issues from the mountains and spreads over the 
plains of the Po, reposes on marine strata of the Pliocene age, so 
unconsolidated that the glacier mlg^t have scooped out of it a deep 
cavity had moving ice possessed such an excavating power. 

Anotlier example of the absence of a great lake where we ought to 
have found one, according to the glacier-erosion hypothesis, occurs in 
a contiguous region on the other side of Turin, between that city and 
Susa, where the moraine of the Dora Ripavia extends far and wide. • 

If, in surveying a'moun’t.ain-chain lengthwise or transversely, wo 
observe a capricious distribution of lake-basins, wo have no reason 
to feel surprise, so long as we conceive the origin oF the btsins to be 
due to subterranean movements in the earth’s crust, for these may 
be partial in their extent, or may vary in their direction in a manner 
which has no relation to the course of the valleys. But if, rejecting 
the aid of changes of level, we invoke n superficial agency, like that 
of glaciers, wo a»o then utterly at a loss to explain why they should 
scoop out a hollow in one ^valley and perform no similar feat in an 
adjoining one. 

Wo have shown that rivers are doubly instrumental in prevent- 
ing the formation of lako-basins ; first, by labouring incessantly to 
silt up an incipient cavity, and secondly, by deepening their chan- 
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nels, or cutting out new ones through the rocks, which mny have 
been slowly raised up so as to interfere witli the regular drainage. 
There is no analogous agency at work at the bottom of the sea 
except partially, where niarino currents deriving sediment from 
wasting shores, or from rivers, deposit it at the bottom. With tJie 
exception of such areas of submarine deposition, every partial sub- 
sidence will cause a permanent depression, ready to become the 
receptacle of fresh >vater whenever the tract emerges or is turned 
into land. As to the extent of such lake- basins, w^e should have no 
right to wonder if they equalled in size Lakes Erie and Ontario, or 
even Lake Superior itself, provided the lapse of geological time has 
been sulliciently protracted. But suppose the submerged area to 
Imve been continually traversed by huge icebergs like Bafliirs Bay, 
for thousands of years before it became part of the continent. Tn 
that case we should not only find on it a multitude of morainic hikes 
of various sizes, but probably many sbnllow saucer-like cavities worn 
in the bed of the sea, out of rocks in situ, by the reiterated im- 
pinging upon them of huge masses of ice, moving (as before described, 
p. 147.) in their lowest parts with a velocity of as many miles as 
even the uppermost strata of a glacier move inches. The wimls and 
currents might carry hundreds of such bergs during every century 
tow’ards the same tracts, and these might exert a great amount ot^ 
friction on the floor of the ocean. The mud and sand formed by the 
abrasion of rock, or any stones which might be frozen into tlic bottom 
of the iceberg, or driven into it when the mass impinged with great 
force on the bed of the sea, may be removed as soon as the berg, by 
melting in its upper part, becomes lighter, and rising floats away. 
In this instance the conditions are more favourable, both for tritu- 
rating a rocky floor and clearing out earth and stones from the 
new-formed cavity, than are conceivable in the ciise of a glacier de- 
scending a valley. 

Causes of Chamje of Climale. — Submergence of the Sahara , — I 
endeavoure<l in 1830, in the “ Princijiles of Geology,” chapters 
vii. and viii., to point out the intimate connection of climate with 
the state of the phy>ical geography of the globe existing at any 
^ given period. If, for example, at certain periods of the past, the 
antarctic land was less elevated and less extensive than now, while 
that at the north pole was higher and more continuous,, the 
conditionf of t^e northern and southern hemispheres might have 
been to a great extent the reverse of what we now witness in 
regard to climate. But if in both of the polar regions a consider- 
able area of elevated dry land existed, such a concurrence of re- 
frigerating conditions in both hemispheres might have created for 
a time an intensity of cold never experienced since. Some geolo- 
gists have objected that the cold of the glacial period was so general 
throughout the polar and temperate regions on both sides of the 
equator, that mere local changes in the external configuratioii of our 
planet cannot be imagined to adbrd an adequate cause for a revolu- 
tion in temperature of so modern a date. But the more we compare 
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the State of the earth’s surface in pliocene, post-pliocene, and recent 
times, the more evidence do we obtain of upward and downward 
movement on such a scale as to convince us that in different parts 
of the periods in question a map of the world would no more re- 
semble our present maps than Europe now resembles America or 
Africa. A careful study of the distribution of the living species of 
animals and plants in tertiary and recent times, leads to similar con- 
clusions as to the vastness of the changes which the physical geogra- 
phy of the globe has undergone, so that the theory in question cannot 
be impugned on the score of a want of universality in the movements < 
of tlio earth’s crust. 

The changes alluded to in the “ Principles of Geology ” as capable 
of affecting the climates of the globe at successive geological p^jriods, 
consisted cliiedy of the conversion of sea into land and land into sea, 
tlie increased or diminished height of mountain chains and conti- 
nents, and the preponderance of laud and water in Ugh and low 
latitudes, together with the new direction given to the principal 
currents of the ocean, such as the Gulf-stream. But althougli I did 
not omit to mention the vast heat which is carried by tlie winds 
from the great desert of Africa to those^ parts of Europe which lie 
immediately north of it, I was not able to avail myself of a geo- 
graphical fact since ascertained by geologists respecting the Sahara, 
namely, that this desert must have formed part of the sea when the 
cold of the glacial epoch was at its height. Ritter had suggested in 
1817, that the African desert had been under water at a very modern 
period, and M. Esclier von der Linth gave it as his opinion in 1852, 
that if this submergence were true, it would explain why the Alpine 
glaciers had attained in the Post-pliocene period those colossal dimen- 
sions which Venetz and Charpentier, reasoning on geological data, 
lirst assigned to them. Since this hint was thrown out by the distin- 
guished Swiss geologists, Messrs. Laurent and Tristram, and in 1863 
JM. Escher himself, together with MM. Desor and Martins, have 
I'ouiid marine shells, especially the common cockle, Cardium edule, 
scattered far and wide, from west to east, over the desert, while 
the shells of these and o^er living species have also been found 
in boring Artesian wells, at the depth of many feet below the sur- 
face. 

The space now occupied by the Sahara, instead of forming a tract 
of parched and burning sand, from which the south win4 or sirocco 
now derives its scorching heat and dryness, constituted formerly a 
wide marine area, stretcliing several hundred miles north and south 
and east and west. From this area the south wind must formerly 
have absorbed moisture, and must have been still farther cooled and 
saturated witii aquoous vapour as it passed over the Mediterranean. 
When at length it reached the Alps, and, striking them, was driven 
into the higher and more rarehed regions of the atmosphere, ii 
would part with its watery burden in the form of snow, so that the 
same lerial current which under the name of the Fbhn or Sirocco 
now plays a leading part with its hot and dry breath, sometimes even 
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in the depth of winter, in meltinp^ the snow and checking!: the "r<)wfli 
of glaciers, must, at the period alluded to, have boon the principal 
feeder of Al[>iiio snow and ice. 

MKTKOKITES IN PRIFT. 

As my account of the glacial pcrio<l has hwl me to speak at some 
length of post-pliocene drill, I may take this op|)c)rtunily of referring 
to the discovery «»f a meteoric stone at a great depth in the allu- 
vimn of Northern Asia. 

Erinan, in liis Arcluvos of Russia for IH41 (p. 614.), cites a very 
circuinstanti.il nccounl drawn up l>y a Russian miner of the finding 
oCanuissof mettwre iron in the auriferous iilluviuin of (he Altai. 
Some small fragments of native iron were first met with in the gold- 
wa>hiiigs of I\‘trop:iwlo>\>ker in the Mrassker ('ircle ; hut though 
tln*y attracfc*‘d attention, it was supposc<l that they must, have heen 
hn‘keu otf from the t<K>ls of the Wi»rkmen. At length, at the deptli 
of ;il feet o inches from the surface, they dug out a piece of iron 
weighing IT.\ pi>iinds, of a stcid-grey colour, somewhat hardiT ihan 
ordinary iron, and, on analysing it. found it to consist of native iron, 
with a small proportion of nickel, as usual in meteori** stones. It 
%\!is buried In tlie bottom of the dcpo^it where tin* gravel re-ted on 
a flaggy limestone. Miioli l»r«»wn iron ores Jl^ well as gohl, oeeurs in 
I he ^arm* gravel, whieh appeals to he part of that exten''ive am iferoU" 
fMrinuri<oi in whieh the hones <if the inammofh, tin* iiftinnn r*K 
f chorhinus^ and other extinct ijuadrnjMMls abound. No .»-iit)ieief!t 
data tire suppVn'd to enable us tt> ileterminc whether it ht‘ s)f Pu'.t* 
\>ViO('ene or Newer ni(»cenc dMt<». 

We ought not, 1 think, to feel surprise tlunt Wi; have not hitheito 
succeeded in detecting the signs of such ai‘rolitt*s in older rocks ; 
for, besides their rarity in our own dayt«, those which fell into tht? 
sea (and it is with marine strata that geologists have iisunUy to 
deal), being chiefly composed of native iron, would rapi<lly enter 
into now clumiical comhinatioiis, the water and mud being charged 
with ohloridii of sodium and other salts. We And that anchors, 
cannon, and other cast-iron implements which have been buried for 
a few hundred years off our English coast have decomposed in part 
or entirely, turning the sand and gravel which enclost.'d them into a 
conglomerate, cemented together by oxide of iron. In like manner 
meteoric iron, although its rusting w'ould be somewhat checked by 
the alloy of nickel, could scarcely ever fail to decompose in the 
course of thousands of years, becoming oxid(», sulphurct or carbonate 
of iron, and its wigin being then no longer distinguishable. The 
greater the antiquity of rocks — the ofteiicr they have heen heated 
and cooled, permeated by gases or by the waters of the sea, the 
atmosphere or mineral springs — the smaller must be the chance of 
meeting with a mass of native iron unaltered ; hut the p/'eservation 
of the ancient meteorite of the Altaq and the presence of nickel in 
these curious bodies, renders the recognition of them in deposits of 
remote periods less hopele.ss than wc might have anticipated. 
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CIIAPTKU XIII. 

< LASSIl ICATION or Tr.UTIAKY OHM VTIONS. — PI.lOCENK PEKIOD. 

< )r'l(*r of M*<!iiii''ntiiry form.'itionf; — Imperfection of ih** record — 
iiiwl oh^i unty of the iiioiiumeiiU jrreater in pro|>firtion to their 
aiiti«{iniy — Uea-^onH ft»r Hiudyiii;; the newer first — Getictiil jtrincipl^ of 

rlii.H^ifinttion of tertiary -trata — Defached tonnationii sraitered over Kop^pe — 
Strata of Paris and I^inloii Mure modern frruupfi — Peculiar tlii!:cul!ieji in 
di l« tlio rlir«mi.l<ij:y tif tertiary f4>nnat!.»n«* IfUTeasiiia: propjr/e.n <.S 

lit ni;c spe<M' S of sh« IK in strata '»f ii« w»*r orijrin- Mh'ceiie, and P.i^*crr;e 

leriirs e\pl.ui)e<t Formatiuns of the Newer l*1i#K‘enc [h nod — Lland of Kehja — 
rii hiiM* of M'»iifit Ktii.i Setter Phoc*-ne Mrata of p’eiii at"*! rxien 

i:i S.eily Forinain.ns i.f same a^o* in the l'pi»c*r Val d'Arno — Norwich Cmg — 

< ‘liillr-*f«.rd hed** Hnd liirjton IF ds — (Kih-r Phoci-ne strata — U*-d C’rai; <if 
Sadnik - NVln'e or t orallui** * 'rap; Sin cr-sivc rt friperation of cHinat * prov*‘d 
h;. the *helK of >nj|V«>.k and Norfolk — Ahiwcrj* CrAg -- SahAji^'aMne 

sitaiA Ar.iio f'asj’t.in funnalioht. 

'Fm |iosf-T<Tti;try lorinniiou-. I'ompri-in;? the* Po«t-}»rir*rcne an<! 
Krci-iii, liaviiiir Imm u ilo^rriKrd in flio In'S! tlircf t'lin/ifcrs. 1 hav«* 
iiuw to LM\r ;in nccoiinf of tin* cnllnl tvi tiury aud the serernl 

LMoiips into wliicli they Inivt* hceii Mibiliviilcd. 

'riir antnxctl dinunitn will {sfuiw the order nnd Fitperpof^ithm of 
ilio principal set^ of fossilifernus <Icpo*<its ennnuTated in the table, 
pni^c 101., asMiiuing them all to he visible in one continuous section. 

Fifi. NO. 



In nature, as before hinted, page 98., we have never an opportunity 
of seeing the whole of them so displayed in a single region; 
iir»C because sedimontiiry deposition is confined, during any one 
geological period, to limited areas ; and secondly, because strata^ 
aitei they have been formed, are liable to be utterly annihilated over 
wide areas by denudation. Buf Avherever certain members of the 
series arc present, they overlie one another in the order indicated in 

N 
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tlie iliiigram, though not always in the exact manner there repn*- 
sented, because some of them repose occasionally in unconforniable 
stratificatioii on others. This mode of superposition has been al- 
ready explained at page «)9. Where it occurs it is almost invariably 
accompanied by a great dis^inlilarity in the species of organic re- 
mains of the sets of strata next in succession, the discordance imply- 
ing a considerable lapse of time which intervened !)etween tins two 
formations in juxtaposition. During the ages which elapsi‘d, ami 
of which no records have bemi handed <lown to us in the area in 
question, we may suppose a gradual change to have betm g»»iitg on 
in the state of the animal creation, and the same interval allowetl 
time for a great amount of movement and dislocation to have be<Mi 
brought about in the earth’s cru>t, so that tin* strata previou>ly ex- 
isting in the region alluded to had been much disturhed and their 
edges exposed to aiiueous denudation before the more inodi‘rii ‘»et 
were thrown down m>on them. 

Wliere the wi<lest gaps appear in the seqm iice of organic remains, 
as between the iVrmian and Trias>ic rocks, or Ix'twcen tin* (’rila- 
cet>us and Eocene, examples of such iiiicontbrinabiliry are very I’n*- 
quent. lUit they are also met with in sj)me part or otln*r of tlie 
world at the juneliou i‘f alnn)‘'t all the cUhor principal Ibnnations, 
ami sometimes the subv)rdiiiate di\i^ions of any one t»f tin! h ading 
groups may be found lying unconfornmbly <iii anolln r subordinate 
member of the same — the Epper, for examph*, on the l.owi*r Silurian, 
or the superior division of the Old !h*d Sandstone on a lower mem- 
ber of the same, and so forth. Instances of such irregularities in the 
mode of succession of the strata next in <*ontact art* the nn»re intelli- 
gible the more we extend tuir survey of the fn^siliferoiis bjiinations, 
for we are continually l>ringiiig to light tleposits of interimaliate 
date, whitdi have to be interealated between those previously known, 
and which reveal to us a long series of eveiits, of which antece<lently 
to sucji discoveries we ha<l no knowledge. 

But vvliilc unconformability invariably bears testimony t*) a lapse 
of unrepresented time, the cotjformability of two sets of strata in 
contact by no rm*ans implies that the newer baanation immediately 
.succeeded llie older one. It siuijdy iin])li(‘.s that tin? am*ient rocks 
were subjected to m> movements of such a. nature a.s to tilt, b(*ml, nr 
break them before the more modern formation was superini[)ose<l. 
It does not show that the earth’.s crust was motionless in the region 
in question, for there may have been a gradual sinking <»r rising, 
extending uniformly over a Iarg<} surface, and yet, <liiring sueli 
movement, the stratified rock.s may Iiave retained their original 
horizontality. of position- There may have been a cmiversion of a 
w'ide area from sea into land and from land into sea, and during these 
changes level sonn? strata may havfj Immmi slowly removed by 
aqueous action, and after tliis new strata may be superimposed, 
differing perhaps in date by thotisnnd.s of years or centurie.s and y4*t 
resting conformably on the older set. TJiere may even be a blend- 
ing of the materials constituting the older depo.sit with those of the 
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iKjwcr, so as to rise to a passago in the mineral character of the 
oik; rock into tlie oilier as if there had l^een no break or interruption 
ill the (h.^iusiting process. 

Although by the frequent discovery of new sets of intermc^diatc 
strain the transition from one type of organic remains to another is \je- 
coming less and le^K abrupt, yet the entire series of records ap|>i*ars 
to the g«‘ologists now living fur more fragmentary and defective than 
it sci ijied to their predecessors half a century ago. The earlier en- 
qtiiriTs, ns oftcMi as they encountered a break in the regular sequence 
of formations, connected it theoretically with a sudden and violent 
catastro|>lie, wJii<-h had put an end to the regular course of events 
that liud been going on uniiiterniptedly for ages, annihilating at the 
.same time all or nearly all the organic beings which had previoftsly 
flouri>ln*<l, after wliieli, order being re-established, a new series of 
events was initiated. In proportion aa our faith in these view.*? 
growr» wcak<*r, and the phenomena of the <irgauic and inorganic 
world proented to us by geology .Ncein explicable on the hypothe-is 
ot' gradual and insensible changes, varied only by minor convul>if»n>, 
Mich as havi* been witnessed in hiMfirical times ; and in pro|K.irti»>n 
a^ it is thought possible that former iluctuations in the organic 
worhl may be «liie to the imlefinite mod iti ability of speeies without 
tile neee>>ity <»f assuming i»*w and imlependent a<*ts of creation, 
the number and magnitude of the gaps which still remain, or the 
extreme iinperteeiion ot‘tIie record, become more and more strikin':, 
and what we jM»>ess of the ancient annals of tlio earth’s history 
appears as nothing when contrasted with that which has been 
lo>t. 

WIh'ii wc t‘xamine a largt* area sucdi as Europe, the average as 
well as the extreme height above tlie sea attained by the older for- 
mations is usually found to exceed that reached by the more modern 
ones, the primary or paleozoic rising higher than the secondary, and 
these in their turn than the tertiary, while in reference to the three 
divi>ioiis of the tertiary, the lowest or Eocene group attains a 
higher Miinmil level than the Miocene, and these again a greater 
height than the riioceiie forinaiioiis. Lastly, the post-tertiary de- 
po^its, such, at h‘a.-t, as are of marine origin, are most commonly re- 
stricted to much more moderate elevations above the sea-level than 
tlie tertiary strata. 

It is also observed that strata, iu proportion as they arc of newer 
dat4', bear the nearest resemblance in mineral character to those 
which arc now in the progress of format ion in seas or lakes, the 
newest of all consisting principally of soil, mud or loose sand, in 
some places full of shells, corals, and other organic bodies, animal or 
vt'getable, in others wholly devoid of such remains. The farther we 
r<‘i*iHlo from the present lime, and the higher the antiquity of the 
tonnaiions which wo examine, the greater are the changes which the 
MMlimenlary deposits have undergone. Masses, for example, wliieh 
were originally soft and yielding have Ikhmi condensed by pressim\ 
others which were incoherent have been solidified by the infiltration 
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of mineral matter which has cemented together tlieir separate parts; 
others have been rnoditied by heat, traversed by shrinkage cracks, 
and partially crystallised, or the strata liavo been fractured during 
earthquakes, or bent and contorted by lateral pressure, or thrown 
into a vertical position, or even overturned so that the original 
order of superposition has been inverted, and the beds which were 
at first the lowest have become the uppermost. 

The organic remains also have sometimes been obliterated entirely, 
or tlie mineral matter of which they were composed has been removed 
and replaced by other substances, as when calcareous fossils have 
been silicifiod. 

We likewise observe that the older the rooks the more widely do 
flieir organic remains depart from the types of the living creation. 
First, we find in the newer tertiary rocks a few species which no 
longer exist, mixed with many living ones, and then, as we go 
farther hack, many genera and families at present unknown make 
their appearance, until wo come to strata in wlilch the fossil relics 
of existing species arc nowhere to be detected, except a few of ihe 
low(\st forms of invertehrata, wliile some orders of animals and plants 
wholly unrej)reseiited in the living Avorld begin to lx* co]is])icuoiis. 

When we study, therefore, the geological records ol* the earth and 
its inhabitants, we find, as in linman liistory, the defectiveness and 
obscurity of the monuments always increasing the remoter the era 
to which we refer. The difficulty of delcrmining tlie true chrono- 
logical relations of rocks is also more and more ciihanct'd, esp(‘cially 
when we are comparing those which were formed simultaneously in 
very distant regions ot tlie globe. Hence wc advance with securer 
.^teps when we begin with the study of the geological records of 
later times, proceeding from the newer to the older, or from the 
more to the less known. 

In thus inverting what might at first seem to be the more natural 
order of historical research, wc must bear in mind tliat each of the 
periods above enumerated, even the shortest, such as th(‘. Fost-tertiary, 
or the Pliocene, Miocene, or Eocene, embrace a succession of events 
of vast extent, so that to give a satisfactory account of what wc 
already know of any one of the.m would ref|uire many volinn(*s of the 
size ot this treatise. When, therefore, we approach one of the newer 
groups before endeavouring to decipher tlie inonumenfs of an older 
one, it is like endeavouring to master the history of our own country 
and that of some contemporary nations, before we enter upon Komaii 
History, or like investigating the annals of Ancient Italy and Greece 
before we approach those of Egypt and Assyria. That there are 
inconveniences in thus inverting the order in which the successive 
events are spoken of I fully admit, but tliere are also unquestionable 
advantages, and practically it will lead to no misapprehension as to 
the chronological sequence of formations. 

The origin of the terms Primarjj' and Secondary was explained 
in the eighth cluqiter, pp. 90. and 9*6. 

The Tertiary strata were so called because they were all posterior 
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in dale to the Secondary series, of whicli last the Chalk or Cretaceous, 
No. 9., fig. 140., constitutes the newest group. The whole of them 
wore at first confounded, as before stated, p. 91., with the superficial 
alluviums of Kurojie ; and it was long before their real extent and 
thickness, and the various ages to which they belong, were fully re- 
cognized. They were observed to occur in patches, some of fresh- 
water, others of marine origin, their geographical area being usually 
small as compared to the secondary formations, and their position 
ol'ten suggesting the idea of their having been deposited in dif- 
ferent bays, lakes, estuaries, or inland seas, after a large portion of 
tlie space now occupied by Europe had already been converted into 
dry land. 

Tlic first deposits of this clfiss, of which the characters were* ac- 
curately determined, were those occurring in the neighbourhood of 
Paris, described in 1810 by MM. Cuvier and Brongniart. They 
were ascertained to eonsist of successive sets of strata, some of 
marine, others of fresliwatcr origin, lying one upon the otlier. The 
ibssil sliells and corals were porcedved to be almost all of unknown 
species, and to have in general a near affinity to those now inhabit- 
ing wanner seas. The bones and skeletons of land animals, some of 
them of large size, and belonging to more than forty distinct species, 
were examined by Cuvi(jr, and declared by him not to agree specifi- 
cally, nor most of them even generically, with any hitherto observed 
in the living creation. 

Strata were soon afterwjirds brought to light in the vicinity of 
London, and in Ilfimpshiro, 'which although dissimilar in mineral 
composition, wen* justly inferred hy Air. T. Webster to he of the 
same ago as those of Paris, because tlie greater number of the fossil 
shells were s])eeifically identical. For the same reason, rocks found 
on the Giromie, in the South of France, and at certain points in 
the North of Ital}^ were suspected to be of contemporaneous origin. 

A vari(‘ty of deposits were afterwards found in other parts of 
Europe, all reposing immediately on rocks as old or older tlian the 
i lialk, and wliich exhibited certain general characters of resemblance 
in their organic remains to those previously observed near Paris and 
London. An attempt was ther«‘foro made at first to refer the whole 
to one ]>eriod ; and when at length this seemed impracticable, it was 
contended that as in the Parisian series there were many subordinate 
formations of considerable thickness which must have accumulated 
one after the other, during a great lapse of time, so the various 
j):itchcs of tertiary strata scattered over Europe might correspond in 
age, some of them to the older, and others to the newer subdivisions 
of the Parisian scries. 

This error, thoifgh almost unavoidable on tlie jiart of those who 
made the first generalizations in this branch of geology, retarded 
seriously for some years the progress of classification. A more scru- 
pulous attention to the specific 4istinctiou of organic remains, aided 
hy a careful regard to the relative position of the strata containing 
them, led at length to the conviction that there were tertiary forma- 
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tions, both marine and freshwater of various ages, newer than the 
strata of the neighbourhood of Paris and London. 

One of the first steps in this chronological reform was made in 
1811, by an English naturalist, Mr. Parkinson, who pointed out tlnj 
fact that certain shelly strata, provincially termed “ Crag ” in Su tfolk, 
were decidedly superimposed on a deposit which was the (‘outimui- 
tion of the Mue clay of London. At the same time ho remarked tliat 
the fossil testacea in these newer hods were distinct from tlu)se ot 
the underlying Itlue elfiy, and tliaf while some of them were of un- 
known species, many others were identical with species now inhiil>it- 
ing the British seas. 

Another important discovery was soon afterwards made by Brocehi 
in Italy, who investigated the argillaceous and sandy deposits, re- 
plete with shells, which form a low range of hills, flanking tlie 
Apennines on both sides, from the plains of the Po to Calabria. 
These lower hills Avere called by him the Snbapenninos, and were 
formed of strata chiefly marine, and newer than those of Paris and 
London. 

Another tertiary group occurring in the neighbourhood of Bordeaux 
and Dax, in the vSouth of France, was exarniiu'd by M. de B.a^terot 
in 1S25, who described and figured several hundn'd speeii^s of shells, 
which differed for the most part both from the Parisian s(*rios and 
those of tlie Subapenninc hills. It was soon, tliereforo, sus})ected 
that this fauna might belong to a period intermediate betweiin that 
of the Parisian and Subapenninc strata, and it was not long before 
the evidence of superposition was brought to bear iu sujiport of this 
opinion ; for other strata, contemporaneous with those of Bordeaux, 
were observed in one district (the Valley of the Loire), to overlie tlie 
Parisian formation, and in another (in Piedmont) to underlie the Sub- 
apenniue beds. Tlie first example of these was pointed out in 1829 
by M. Desnoyers, who ascertained that the sand .and marl of marine 
origin called Faluns, near Tours, in the basin of tlie Loire, full of sea- 
shells and corals, rested upon a lacustrine formation, which constituti s 
the uppermost subdivision of the Parisian group, extending con- 
tinuously throughout a great table-land intervening between thr 3 
basin of the Seine and that of the Loire. The other example occurs 
in Italy, where strata, containing many fossils similar to those of 
Bordeaux, were observed by Bonclli and others in the environs of 
Turin, subjacent to strata belonging to the Subapenniiui group of 
Brocebi. 

Without pretending to give a complete sketch of the progress of 
discovery, I may refer to the facts above enumerated, as illustrating 
the course -usually pursued by geologists when they attempt to found 
new chronological divisions. The method bears some analogy to tliat 
pursued by the naturalist in the construction of genera, when ho se- 
lects a typical species, and then classes as congeners all other species 
of animals and plants which agree with this standard within certain 
limits. The genera A. and C. having been founded on those prin- 
ciples, a new species is afterwards met with, departing widely both 
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from A, and C., but in many respects of an intermediate character. 
For this new type it becomes necessary to institute the new genus B., 
in which arc included all species afterwards brought to light, which 
agree more nearly with B. than with tlie types of A. or C. In like 
manner a new formation is met witli in geology, and the characters 
of its fossil fauna and flora investigated. From that moment it is 
considered as a record of a certain period of the earth’s history, and a * 
standard to wJiich other deposits may be compared. If any are found 
containing the same or nearly the same organic remains, and occupy- 
ing the same relative position, they are regarded in the light of con- 
temporary annals. All such monuments are said to relate to one 
}>cri()d, during which certain events oocurred, such as the formation 
of particular rocks by aqueous or volcanic agency, or the contitruefl 
existence and fossilization of certain tribes of animals and plants. 
Wln*n several of these periods have had their true places assigned to 
them in a chronological series, others are discovered wHich it be- 
comes necessary to intercalate between those first known ; and the 
dilficulty of assigning clear lines of separation must unavoidably 
increase in proportion as chasms in the past Jiistory of the globe are 
filled up. 

Every zoologist and botanist is aware that it is a comparatively 
easy task to establish genera in departments which have been en- 
riched with only a small number of species, and where there is as 
yet no tendency in one set of characters to pass almost insensibly, by 
i! multitude of connecting links, into another. They also know that 
the difficulty of classification augments, and that the .artificial nature 
of their divisions becomes more apparent, in proportion to the increased 
number of objects brouglit to light. But in separating families and 
genera, they have no other alternative than to avail themselves of 
such breaks as still remain, or of every hiatus in the chain of ani- 
mated beings wdiich is not yet filled up. So in geology, we may be 
eventually compelled to resort to sections of time as arbitrary, and as 
])iircly conventional, as those which divide the history of human 
<‘voiits into centuries. But in the present state of our knowledge, it 
is more convenient to use the interruptions which still occur in the 
r<'gular sequence of geological monuments, .as boundary lines between 
our principal groups or ])eriods, even though the groups thus esta- 
blished are of very unequal value. 

The isolated j)ositiou of distinct tertiary deposits in different parts 
of Europe has been already alluded to. In addition to the difficulty 
j)rcseiited by this want of continuity when we endeavour to settle 
the chronological relations of these deposits, another arises from the 
frequent dissimilarity in mineral character of strata of eoiitempofa- 
neous date, such, for example, as those of London and Paris before 
mentioned. The identity or non-identity of species is also a criterion 
which often fails us. For this w’e might have been prepared, for we 
have already seen, that the Mediterranean and Red Sea, although 
within 70 miles of each other, on each side of the Isthmus of Suez, 
have each their peculiar fauna ; and a marked difference is found in 
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tlie four groups oftestaoea now living in the Baltic, Lnglish Channel, 
Black Sea, and JMeditcrranean, although all these seas have niaiiy 
species in common. Tn like mamior a considerable, diversity in tlie 
fossils of diirerciit tertiary tbrinatioiis, which have hei'U thrown 
down ill distinct seas, estuaries, bays, and lakes, docs not always 
imply a distinctness in the times when they were }>rodueed, but may 
•have arisen from climate and conditions of j)hysical geography wholly 
indopeiuleiit of time. On the other hand, it is now ahundaiilly clear, 
as the result of geological investigation, that different sets of tertiary 
strata, immediately superimposed upon each other, contain distiina 
embedded species of la>sils, in consequence of lluctuations which 
been going on in the animate creation, and by which in the course of 
ages one state of thijigs in the organic, world has been substituted for 
another wholly dissimilar. It has also been shown that in |)rop(>r- 
tion as the age of a tertiary deposit is more modern, so is its fauna 
more analogous to that now in being in the neighbouring seas. It is 
this law of a nearer agreement of the fossil tes-r.icca with tlie species 
now living, which may often furnish us with a clue for the cliioiio- 
logical arraiigeineiit of scattered dcj)osits, whore we cannot avail our- 
selves of any one of the three* ordinary cliroiiological tests ; namely, 
su])erpositi()n, mineral character, and the specific identity of the 
fossils. 

Thus, for example, on the African border of the R»*(l S(*a, at the 
height of 40 feet, and sometimes more, above its level, a while cal- 
careous formation has been observed, containing several bundled 
s])ccics of shells differing from those found in tl»e clay and volcanic, 
tnff of tlie country round !Napl(*s, e.g. in tlio Bay of Baiie. AnotIi(*r 
deposit has been found at Uddevalla, in vSweden, in which tlie 
shells do not agree with those found near Naples. But although 
in these three cases there may be scaively a single shell common to 
the three different deposits, we do not hesitate to refer them all to 
one period (the Post-plioccnc), because of the v(u*y close agreement 
of the fossil species in every instance with those now living in the 
contiguous seas. 

To take another example, where the fossil fauna recodes a few 
steps farther back from our own times. We may c*oni|»are, first, 
certain beds at the eastern base of Etna near Trezza, hereafter to be 
mentioned ; secondly, others of fluvio-Tnarinc origin near Norwich ; 
and, lastly, a third set often rising to considerable heights in Sicily : 
and we discover that in every ease more than three-fourths of 
the shells agree with species still living, while the remainder are 
extinct. Hence we may conclude that all these, greatly diversified as 
are their organic remains, belong to one and the same era, or to a 
period immediately antecedent to the Post-pliocene, because there 
has been time in each of the areas alluded to for an equal or nearly 
equal amount of change in the marine testaceous fiiuim. Contempo- 
raneousness of origin is inferred in these cases, in spite of tlic most 
marked differences of mineral character or organic contents, from a 
similar degree of divergence in the shells from those now living in the 
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{itljoiniiig seas. The advantage of such a test consists in supplying 
us witli a common point of departure in all countries, however 
remote. 

But the fartlicr wc recede from the present times, and the smaller 
the relative number of recent as compared with extinct spicies in 
the tertiary deposits, the less confidence can we place in the exact 
value of sucli a test, e.sj)ecially when comparing the strata of very 
distant regions ; for we cannot presume that the rate of former 
alterations in the animate world, or the continual going out and 
coming in of s|)ccies, has been everywhere exactly equal in equal 
quantities of time. The form of the land and sea, and the climate, 
may have clianged more in one region than in another ; and conse- 
quently there may have been a more ra[nd destruction and renova- 
tion of species in one part of the globe than elsewhere. Consider- 
ations of* this kind should undoubtedly put us on our guard against 
relying too implicitly on the accurjicy of this test ; yet it can never 
fail to tlirow great liglit on the chronological relations of tertiary 
grou])3 with each other, and with the Post- pliocene period. 

We may derive a conviction of this truth not only from a study of 
geological monuments of all ages, hut also by reflecting on the ten- 
den(‘y which prev'ails in the present state of nature to a uniform rate 
of simultaneous fluctuation in the flora and fauna of the w'hole globe. 
The grounds ofsneh a doctrine eaiiiiot be discussed here, and 1 liavc 
ex|>lained them at some hmgth in the third Book of the “Prin- 
eipl(‘s of Geology,” where the causes of the successive extinction of 
specie's are considered. It will be there see fi that each local change 
in climate and physical geograpliy is attended with the immediate 
incr(*ase of certain species, and the limitation of the range of others. 
A revolution tlius effected, is rarely, if ever, confined to a limited 
s])aee, or to one geogra])hical province of animals or plants, but 
ntfeets several other surrouiuliiig and contiguous provinces. In each 
of these, moreover, analogous alterations of the stations and habi- 
tations of s[»eeies are simultaneously in progress, reacting in the 
maimer already alluded to on the first j>rovinee. Hence, long before 
the geography of any particular district can be essentially altered, 
the flora and fauna throughout the world will have been materially 
modified by countless disturbances in the mutual relation of the 
various members of the organic creation to each other. To assume 
that in one large area inhabited exclusively by a single assemblage of 
s]>eeies any important revolution in physical geography can be brought 
about, while other areas remain stationary in regard to the position 
of land and sea, the height of mountains, and so forth, is a most im- 
probable liypothosis, wholly op{K)scd to what we know of the laws 
now governing the aqueous and igneous causes. On the other hand, 
even were this conceivable, the communication of heat and cold 
between different parts of the atnios]>here and ocean is so free and 
ra])id, that the temperature of certain zones cannot bo materially 
raised or lowered without others being immediately affected ; and the 
olevatioLi or diminution in height of an important chain of mountains 
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or the submergence of a wide tract of land would modify the climate 
even of the antipodes. 

It will be observed that in the foregoing allusions to organic n> 
mains, the testacea or the shell-bearing niollusca are selected us tin? 
most useful and convenient cIu^.s for the ])ur|)Oses of g(*neral classili- 
cation. In the lirst place, they are more universally distributed 
through strata of every age than any other organic bodies. Those 
families of fossils which are of rare and casual occurrence are abso- 
lutely of no avail in cstablisliing a chronological arraugeincnt. If >ve 
have plants alone in one group of strata and the bones of mammalia 
in another, we can draw no conclusion respecting the affinity or dis- 
cordance of the organic beings of the t^vo epochs compared ; and tlui 
same may he said if wc have plants and vertebrated animals in one 
scries and only shells in another. Although corals are more abun- 
dant, ill a fossil state, than ])lants, reptiles, or fish, they are still rare 
when contrasted with sliclls, especially in the European tertiary for- 
mations. The utility of the testacea is, inoreovei, enhanced by t) i‘ 
circumstance that some forms are proper to the sea, others to the 
land, and others to freshwater. Rivers scarcely ever fail to carry 
down into tluMr deltas .‘'om<‘ land-shells, together with s])e(*ies whicli 
are at once flnviatile and lacustrine. By this means we leai’ii wliat 
terrestrial, fri‘shwater, and marine species coexisted at particular 
era'^ of the past ; and having thus identified strata formed In .‘-eas 
with others which originated con tern jioraneoiisly in inland lakes, we 
are then enabled to advance a step farther, and show that cei tain 
<piadru[>eds or aquatic ])lants, found fossil in lacustrine format ioii'^. 
iiiliabited tlie globe at the same period when certain fish, reptiles, and 
zoophytes lived in the ocean. 

Among other characters of the molliiscons animals, whicli rendcT 
them extremely valuable in s(;ttling chronological questions in g(‘ology, 
may be mentioned, first, tlie wide geographical range of many species ; 
and, secondly, what is jirobably a consequence of the former, the great 
duration of species in this class, for tlieya])pear to have surpassed in 
longevity the greater number of the mammalia and fish. Had each 
species inhabited a very limited space, it could never, when embedded 
in strata, have enabled the geologist to identify d(*posits at distant 
j)oints ; or had they each lasted but for a brief period, they could 
liave thrown no light on the connection of rocks placed far from 
each other in the chronological, or, as it is often termed, vertical 
series. 

Many authors have divided the European tertiary strata into three 
groups — lower, middle, and upper ; the lower comprising tlie oldest 
formations of 1-aris and London before mentioned ; the middle tliose 
of Bordeaux and Touraine ; and the upper all those*newer than the 
middle group. 

When engaged in 1828 in preparing my work on the Principles of 
Geology, I conceived the idea of classing the whole series of tertiary 
strata in four groujis, and endeavouring to find characters for each, 
expressive of their ditrerent degrees of affinity to the living fauruu 
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With this view, I obtained information respecting the specific iden- 
tity of many tertiary and recent shells from several Italian naturalists, 
and among others from Professors Bonclli, Guidotti, and Costa. 
Having in 1829 become acquainted with M. Deshayes, of Paris, 
already well known by his conchological works, I learnt from him 
tliat he had arrived, by independent researches, and by the study f>f 
a large collection of fossil and recent shells, at very similar views re- 
s])ecting tlie arrangement of tertiary formations. At my request he 
drew up, in a tabular form, lists of all the shells known to him to 
o(;cur both in some tertiary formation and in a living state, for the 
express purpose of ascertaining the proportional number of fossil spe- 
cies identical with the recent which characterised successive groups; 
and this table, planned by us in common, Tv^as published by iae*in 
1833.* The number of tertiary fossil shells examined by M. Deshayes 
was about 3000; and the recent species with which tliey had been 
comj)ared about oOOO. The result then arrived at was, that in the 
low(,‘r tertiary strata, or those of London and Paris, there were about 
3i per cent, of sj)ecies identical with recent ; in the middle tertiary 
of the Loire and Gironde about 17 per cent. ; and in the upper tertiary 
or Subapennine beds, from 35 to 50 per cent. In formations still 
more modern, vsome of which I had particularly studied in Sicily, 
where tlic}" attaiji a vast thickness and elevation above the sea, tlic 
number of species identical with those now living was believed to be 
from 00 to 95 per cent. For the sake of clearness and brevity, I 
proposed to give short technical names to these four groups, or the 
])eriods to whicli they respectively belonged. I called the first or 
ohlc.st of them Kocene, the second Miocene, the third Older Pliocene, 
and the last or fourth Newer Pliocene. The first of the above terms, 
lu)cene, is derived from rjwg, eos, dawn^ and Katvoi', cainos, recent^ 
hcciiuse the fo>!sil shells of this period contain an extremely small 
]M*op()rtion of living species, which maybe looked upon as indicating 
the (lawn of the existing state of the testaceous fauna, no recent 
s])(‘<*ies having be(*n detected in the older or secondary rocks. 

The term Mioeeno (from /ueeor, meion, lessy and tcairocy cainos, 
recent) is intended to express a minor proportion of recent species 
(of testjicea), the term Pliocene (from ttAeioc, pleion, morCy and icatvocy 
cainos, recent) a comparative plurality of the same. It may assist 
the memory of students to remind them, that the Jl//ocene contain a 
minor proportion, and Pliocene a comparative />/urality of recent 
species; and that the greater number of recent species always implies 
the more modern origin of the strata. 

It has sometimes been objected to this nomenclature that certain 
species of infusoria found in the chalk arc still existing, and, on the 
other hand, the Miocene and Older Pliocene deposits often contain 
the remains of mammalia, reptiles, and fish, exclusively of extinct 
species. But the reader must bear in mind that the terras Eocene, 
Pliocene, and Pliocene were originally invented with reference purely 

* See Principles of Geology, vol. iiu 1st ed. 
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to concliological data, and in that sense have always been and are 
still used by me. 

The distribution of the fossil species from which the results before 
mentioned were obtained in 1830 by M. Dosliayes was as follows : — 

In the formations of the Pliocene periods, older and newer - 777 

In the iMiocone (tipper or Faluiiiaii) ... loai 

In the Eocene (ineluding the Gres dc Fontuinebleau) - 12.‘38 

ao.iG 

Since the year 1830, the niiinbor of new livi»ig species obtained 
from different parts of the globe has been exceedingly great, supply- 
ing fresh data for comparison, and enabling the paleontologist to 
correct many ident ifirations of fossil and recent forms. New 

species also have been colhjcted in abundance from tertiary formations 
of every age, while newly discovered groups of strata have filled up 
gaps in the previously known scries. Hence ruodifieations and re- 
forms have been called for in the classification first proposed. UJie 
Eocene, Miocene, and Pliocene periods have been made to cornpre- 
lier.d certain sets of strata of which the fuss i Is do not always conform 
strictly in the proportion of recent to extinct species with the defini- 
tions first given by me, or wbicb arc implitMl in the etymology of 
those terms. Of these and other innovations I shall treat more fully 
ill the fourteenth and fifteen Ih chapters. 

jSewer Pliocene. — Ischia, — We liave already seen, page 108., fliat 
in the neiglibourJiood of Naples there are stratitied tnfis containing 
a large number of fossil ^llells agreeing sp(‘citically with tlio.se now 
living in the ^Iediterrain*aii. Of an age immediately antecedent to 
tliose Post-plioeene formations are the volcanic tuffs of the neigh- 
bouring i.'?land of Ischia, some of them rising in tli<j sniiimit of Santa 
N icola or Monte Epoiueo to the height of 2(i()o feet above the sea. 
1 stated in the first editions of the “ Ih’inciples of (ieology ” * tliat in 
1828 I had procured many fossil shi*lls from near the village of 
Moropano, at an elevation of 2{)()() fe(*t above the Mediterran<*an. 1 
liave .'Since found, on revisiting I.schia, that the spot is not more than 
1600 fi*et high ; but this error is not of geological importance, as the 
bed.s are admitted to form a part of the same greenish ami blneisli 
marls which reach the top of Epoineo. The whole of tlie fossil 
species, 28 in number, wdiich I first collcctecl tliere, were examiruMl 
by M. Desbayes and recognized by him as all now living. I called 
them Newer Pliocene, considering Ibeni of much more modern date 
than the Subaperininc strata "j*, to whi<;h Signor Spada Eavini jiro- 
po.sed, in 1853, to refer them. He seems to have adopted this opinion, 
becau>e among a larger number of fo.ssils obtained^ from these beds 
in Lschia, Buccinum scmistriatuni and Murex vayinalns (.see fig. Ml.) 
had been found, lloth of th(;sf», shells were supposed to Im extinct ; 
but although this is true of the first, which is a common Suhapenuine 

• 

♦ Principles of Geology, vol. iii. p. IH33. 
t Sec rrincipics, Tabic, vol. iii. pp. ic. and 126. 
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shell, it is not so of the other, for the Murex still lives in the 
Me<]it(?rninean, though rare*, and recent specimens of it may be 
seen in Mr. Cuming’s collection in London, from which the an- 
n(‘xc(l figure is taken. Several Italian geologists, who had not ex- 
amined Ischia, hastily adopted the classification 
ol* Signor Spada ; but M. Puggaard, who was well 
acquainted with the island, immediately entered 
Ills protest against itf ; and there can be no doubt, 
from the general character of the organic remains, 
tliat the mass of P]ponieo was formed beneath the 
waters of the sea at the close of the Newer Pliocene 
period, and was raised to a height of 2600 feet 
above its original level in Post-]>liocene times. 

Vesuvius , — The old cone of Vesuvius, or Monte 
Somnia, is, geologically speaking, so modern that the 
eruption by which it was formed burst through ma- jnurcx raginatus, 
rine clays and tuffs of the same age as those of Ischia ***”*■ 

above mentioned. Fragments of tuff and conglomerate found amongst 
the ancient ejectarnenta, and constituting part of the strata laid open 
in the ravine called Fosso Grande and in the Rivo di Quaglia, the 
latter 972 feet higli above the sea, have supplied Signor Guiscardi with 
100 shells, among which one, and one only, namely, Buccinum semi- 
striatum^ before alluded to, is extinct. The oldest eruptions, therefore, 
of the Cainpi Phlograai, or volcanic regions of Naples, took place pre- 
cisely at the close of the Newer Pliocene period, when about one 
.shell only in a hundred differed from those now living in the Mediter- 
ranean. 

Sicll//, Eastern base of Mount Etna , — At several points north 
of C’atania, on the eastern .sea-eoast of Sicily, as at Aci-Castello, 
lor example, Trezza, and Nizzeti, marine strata, associated with vol- 
canic tuffs and hasaltic lavas, are seen, which belong to a period 
when the first igneous eruptions of Mount Etna were taking place 
in a shallow bay of the Mediterranean. During my first visit to 
Sieily in 1828, I collected sixty-five species of shells from these 
clays and sands, which may be said, together with the associated 
igneous |)roducts, to constitute the foundations of the great vol- 
cano. Witlj the help of ]M. Deshayes, I was enabled to publish a 
list of their names J, showing that nearly all of them agreed with 
species now iidiabiting the adjoining sea. In 18o7 and 18o8, when 
1 revisited Sicily, I obtained, through the kindiic.-s of Dr. Aradas. of 
Gatania, a much larger number of sj)ecies from the same localities, 
which confirmed the conclusions formerly arrived at as to the age 
of these deposits. Out of 142 shells, all but eleven proved to be 
identical with species now living. Some few of those eleven shells 
may possibly still linger in the depths of the Mediterranean, like 

* Lyell on Blount Etna, Phil. Trans., 285., and xv. p. 362. 
p. 778., 18.58. • I Principles of Geology, vol. iii. Ap- 

t llulli-tin (Ic la Soc. Gool. dc France, peudix, 1833. 

tom xi., 2e sci'., pb 72., and tom. xiii. p. 
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Murex vaginatusy fig. 139., p. 189. The last-mentioned shell had 
already become rare, when the sub-Etnean deposits were formed. 
On the whole, the modern character of the testaceous fauna under 
consideration is expressed not only by the small proportion of extinct 
species, but by the relative number of individuals by which most of 
the other species are represented, for the ])roportiou agrees with 
tliat observed in the present fauna of the Mediterranean. The only 
extinct shell which can be said to be common is Bucciniim semi- 
striatum ; B. music um comes next in abundance. The rarity of the 
other nine is such as to inijdy that they were already on the point 
of dying out, having flourished chiefly in the earlier Pliocene times 
when the Subapenninc strata were in progress. 

‘Yet since the accumulation of these Newer Pliocene sands and 
clays, the whole cone of Etna, 11,000 feet in height and alwut ninety 
miles ill circumference at its base, has been slowly built up; an 
operation requiring many tens of thousands of years for its accom- 
plishment, and to estimate the magnitude of which it is neccssaiy 'o 
study in detail the internal structure of the mountain, and to see tlie 
])roofs of its double .axis, or the evidence of the lavas of the present 
great centre of eru})tioii having gradually overwhelmed and en- 
veloped a more ancient cone, situated 3^ miles to the east of the 
present one. We ought also to satisfy ourselves, as wc may easily 
do, that ill breadth and thickness each of the older lavas did not 
exceed in their average volume the products of single outjKnirings 
of historical times. Tn sjuiculcatiiig, moreover, on the hii)se of bygone 
age.-;, we must take into account the dilfercnt dales and varying 
composition of the dikes up which the lavas poured, whether be- 
longing to the eastern or western axis, and the manner in which 
one set of dikes cuts through an older oikj ; .also, tlic vast denu- 
dation to which the Val del Bove, or deep valley, on the easiei n 
flank of the iiioiiiitaiii bears testimony ; and, lastly, the gradual 
u]»Iieaval above the level of the sea of some of the subm.arine rocks 
fiiat formed, and the origin of many hundred minor cones, the result 
of lateral outbreaks during the most modern ]>liasc of eruption. 
The !se and other observations must be made, before the prodigious 
antiquity of the Newer Pliocene marine strata above described can 
be fully appreciated.* 

It appears that while Etna was incre.asing in bulk by a series of 
eruptions, its whole mass, comprising the foundations of subaqueous 
origin above alluded to, was undergoing a slow upheaval, by which 
those marine strata were raised to the height of 1200 feet above the 
sea, as seen at Catera, and perhaps to greater heights, for we cannot 
trace their extension westward owing to the dense and continuous 
covering of modern lava under which they are bulled. During the 
gradufil rise of these Newer Pliocene formations (consisting of clays, 
sands, and basalts), other strata of Post- pliocene date, msirine as well 
as ^uviatile, accumulated round the base of the mountain, and these, 

* See a Memoir on the Lavas and Mode of Origin of Mount Etna, by the Author, 
Phil. Trans., 1S58. 
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in tlic'ir turn, partook of the upward inovemeiit, so that several 
inland cliffs and terraces at low levels, due partly to the action of 
the sea and partly to the river Simeto, originated in succession. 

Fossil remains of the elephant, and other extinct quadrupeds, have 
been found in these Post-pliocene strata, associated with recent shells. 

Newer PViocene strata of Sicily , — There is [)rohably no part of 
Europe where the Newer Pliocene formations^ enter so largely into 
the structure of the earth’s crust, or rise to such heights above the 
h'vel of the sea, as Sicily. They cover nearly half the island, and 
n(‘ar its centre, at Castrogiovanni, reach an elevation of 3000 feet. 
They (jonsist ju’incipally of two divisions, the upper calcareous, and 
tlie lower argillaceous, both of which may be seen at Syracuse, Gir- 
genti, and Castrogiovanni. » ’ 

A<*cording to Philippi, to whom we are indebted for the best 
account of the tertiary shells of this island, thirty-five sj)ecie3 out 
of one hundred and twenty-four obtained from tlie beds in central 
Sicily are extinct. 

A geologist, accustomed to see nearly all the Newer Pliocene for- 
njations in the north of h^uropo occupying low grounds and very 
incoherent in texture, is naturally surprised to behold formations of 
the same ago so solid and stony, of such thickness, and attaining so 
great an elevation above the level of the sea. 

The u])per or calcareous member of this group in Sicily consists 
in some places of a yellowisli- white stone, like the Calcaire Grossit*r 
of Paris ; in others, of a rock nearly as compact as marble. Its aggre- 
gate thic'kncss amounts sometimes to 700 or 800 feet. It usually 
(»ccurs ill regular horizontal beds, and is occasionally intersected by 
deep valleys, such as those of Sortino and Pentalica, in which are 
numerous caverns. The fossils arc in every stage of i)reservation, 
from shells retaining ])ortioiis of their animal matter and colour to 
others which are mere casts. 

The limestone passes downwards into a sandstone and conglome- 
nierate, below which is clay and blue marl, like that of the Sub- 
ajiennine hills, from which perfect shells and corals may be dis- 
engaged. The clay sometimes alternates with yellow sand. 

South of the plain of Catania is a region in which the tertiary 
beds arc intermixed with volcanic matter, which has been for the 
most part the j>roduct of submarine eruptions. It appears that, while 
tlie clay, sand, and yellow limestone before mentioned were in course 
of dejiositioii at the bottom of the sea, volcanoes burst out beneath 
the waters, like that of Graham Island, in 1831, and these explosions 
recurred again and again at distant intervals of lime. Volcanic ashes 
and sand were showered down and spread by the waves and currents 
so jis to form strata of tuff, wdiich are found intercalated between 
beds of limestone and clay containing marine shells, the thickness of 
the whole mass exceeding 2000 feet. The fissures through which tin* 
lava rose may be seen in many places forming what are called dikes. 
In part of the region above aRuded to, as, for example, near Lcn- 
tini, a conglonjerate occurs in which 1 observed many pebbles of 
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volcanic rocks covered by full-grown serpuloi. We may (‘X|)laiii the 
origin of these by supposing that there were some small voh’aiTKj 
islands which may have been destroyed from time to time by tlie 
waves, us CjrYaVvwrei \\us boon swept away since IS.‘U. I ho 

rounded blocks and pebbles of solid volcanic matter, afti'rlnMWg ro\\ei\ 
for a time on tlio beacli of such temporary islands, were carried at 
length into some traii(juil part of the sea, where tliey lay for years, 
while the marine serpulcc adhered to them, their shells growing and 
(‘overing their surface, as they are seen adhering to the shell iigured 
in p. 22. Finally, the bed of pebbles was itself covered with strata 
of shelly limestone. At Vizzini, a town not many miles distant to 
the SW., I remarked another striking ])roof of the gradual maimer 
iirwkieh thes(3 modern rocks were formed, and tlio long intervals of 
time W'hieh elapsed between the pouring out of distinct .sh<‘ets of lava, 
a bed of oysters no less than 20 feet in thickness rests upon a cur- 
rent of basaltic lava. The oysters are perfectly identifiable with our 
common eatable s[)ecies. Upon the oyster-bed, again, is su]>i‘r*m- 
p()>ed a seeond mass of lava, together with tuff or p(‘])orin(). In the 
midst of th(‘ same alt(*riiating igneous and aqueous formations is seen, 
iu‘ar Galieri. not far from Vizzini, a horizontal bed, about a foot and 
a lialf in thickness, com])Osed entirely of a common ^lediterranean 
vovtlI ( Can/opftt/Uia cfcspkosft, Ijiim,'). These corals stand erect as 
they grew; and, after being traeed for hundreds of yards, arci again 
found at a corresponding height on the oiiposite side of the valley. 


Fig. 142. 



CaryupInjIUa ccL'i^pittisa, L.nii. {Cladocora slrllaruit Miliiu Edw. and Htiiino.) 
tt. Stern with yuiiiij; 8t<*in growing from it' side, 
rt*. Yomist -stern oi s niie Iwiee ^..ignitied. 

t/. Portion of loriiich, tw ice magiiihed. with thi» ha i* of a literal hraiich ; tho exterior 
iidjres ol thf ni.ini brninch apireaiiriK through he tanielliK of the lateral one, 
f. Traii's\erse section of Same, proving, by the iinegrity of ihc main branch, tiiat the 
later<tl cue did not oi iginate in a snbdivisiou of the animal. 
ti. A branch,' having at its base another laterally u itcd tu it, and two young corals at 
It' upp'T part. 

e. A mai-i iiranch, with a full-grown lateral one. 

J, A perfect terminal star. 


The corals are usually branched, but not by tlio division of tho 
animals, as some have supposed, but by the attachment of young indi- 
viduals to the sides of the older ones*; and we must understand this 
mode of increase, in order to appreciate tho time which was required 
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for tlic building up of the whole bed of coral during the growth of 
nmuy suceesfiivo generations.* 

Among the other fossil shells met with in these Sicilian strata, 
which still continue to abound in the Mediterranean^ no shell is more 
conspicuous, from its size and frequent occurrence^ than the great 
s<*.aLlop, Pecten jacobaus {see dg. 143.), now so common in the neigh- 
bouring seas. We see this shell in the calcar^us beds at Palermo 
in great numbers, in the limestone at Girgenti, and in that which 
alternates with volcanic rocks in the country between Syracuse and 
Vizziui, often at great heights above the sea. 


Fig. 143. 



Pecten JacoU4eus s half natural sue 


The more we reflect on the preponderating number of these recent 
shells, the more we are surprised at the great thickness, solidity, and 
height above the sea of the rocky masses in which they are entombed, 
and the vast amount of geographical change which has taken place 
since their origin. It must be remembered that, before they began 
to emerge, the u])permost strata of the whole must have been de- 
posited under water. In order, therefore, to form a just conception 
of their antiquity, we must first examine singly the innumerable 
minute parts of which the whole is made up, the successive beds of 
shells, corals, volcanic ashes, conglomerates, •and sheets of lava; and 
we must afterwards contemplate' the time required for the gradual 
u])heaval of the rocks, and the excavation of the valleys. The his- 
torical period seeing scarcely to form an appreciable unit in this com- 
putation, for we find ancient Greek temples, like those of Girgenii 
(Agrigentum), built of the modern limestone of which we are s)>eak- 
ing, and resting on a hil^ composed of the same ; the site having iv- 

• 

♦ I am indebted to Mr. Lonsdale for the details above given respecting the 
structure of this coral. 
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xnained to all appearance unaltered since the Greeks first colonised 
the island. 

T.he modem geological date of the rocks in this region leads to 
another singular and unexpected conclusion — namely, that the fauna 
and flora of a ^rge part of Sicily are of higher antiquity than the 
country itself, having not only flourished before the lands were raised 
from the deep, but even before their materials were brought together 
beneath the waters. The chain of reasoning wliich coiuhicts us to 
this opinion may bo stated in a few words. The larger part of the 
island has been converted from sea into land since the Mediterranean 
was peopled with nearly all the living species of tcstaeea and zoo- 
phytes. We may therefore presume that, before this region emerged, 
the same land and river shells, and almost all the same niiinials and 
plants, were ill existence which now people Si<*ily; for flic t(»rrestrinl 
tann.’i and Horn of this island are precisely tlic same as that of oth(*r 
lands surrounding the Mediterranean. There apjK'nr tr^be no pe<*uVmr 
or indigenous species, and those which are now esiahli<hod there nuist 
be supposed to have migrated from pre-existing lands, just as the 
plants and animals of the Neapolitan territory have colonized JMonte 
Nuovo since that volcanic cone was thrown up in the sixteen tli 
century. 

Such conclusions throw a now light on the adaptation of the attri- 
butes and migratory habits of animals and plants to the changes which 
are unceasingly in progress in the physical geography of the globe*. 
It is clear tliat the duration of species is so great, that they are des- 
tined to outlive many important revolutions in the configuration of 
the earth’s surface; and hence tliose innumerable eontrivanees for 
enabling the subjects of the auimai and vegetable creation to extend 
their range ; the inhabitants of the land being often carried across 
the ocean, and the aquatic tribes over great continental spaces. “ It 
is obviously expedient that the terrestrial andfluviatile species should 
not only be fitted for the rivers, valleys, plains, and mountains which 
exist at the era of their creation, but for otliers tliat ar(3 destined to 
be formed before the species shall become extinct ; and, iji like man- 
ner, the marine species are not only made for the deep and shallow 
regions of the ocean existing at the time when they arc called into 
being, but for tracts that may be submerged or variously altered in 
depth during the time that is allotted for their continuance on the 
globe.” ♦ 

♦The three last pages,* on “The the Geological Evidences of the An- 
Newer Pliocene Strata of Sicily,” are tiquity of Man, I have shown (chaps, 
given verbatim as they appeared thirty xxi. to xxiv.) that Mr. Darwin’s theory 
years ago in the first edition of the Prin- of natural selection removes many of the 
.ciples of Geology (vol. iii. p. 115., 1833). principal difficulties which stood in the 
The last sentence, marked with inverted way of Lamarck's doctrine of transmu- 
commas, was couched in language im- tation; and had I inclined as much in 
plying my adherence to the theory that 1833 towards embracing Mr. Darwin’s 
each species was originally created such views as I do now, 1 should have ex- 
as it now exists, and was incapable of pressed myself somewhat dilTcrently. 
varying so as to pass into a new and *But 1 have thought it best not to re-cast 
distin<;t species. In my recent work on a passage which has been so oAen 
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Newer Pliocene etrata of the Upper ValtTArno. — When we ascend 
the Arno for about ten miles above Florence, we arrive at a deep nar* 
row valley called the Upper Val d^Arno, which appears once to have 
been a lake at a time when the valley below Florence was an arm of the 
sea. The horizontal lacustrine strata of this upper b^sin are,,12 miles 
long and 2 broad. The depression which they fill has been excavated 
out of Eocene and Cretaceous rocks, which form everywhere the sides 
of the valley in highly inclined stratification. The thickness of the 
more modern and unconformable beds is about 7«?0 feet, of which the 
upper 200 feet consist of Newer Pliocene strata, while the lower are 
Older Pliocene. The newer scries are made up of sands and a con- 
glomerate called ** sansino.” Among the embedded fossil mammalia 
are Mastodon arvemensisy Elephas meridionalisy Rhinoceros etrus^iy 
ffippopotamus majoty and remains of the genera bear, hyaena, and 
felis. 

In the same upper strata are found, according to M. Gaudin, the 
leaves and cones of Glyptostrohm europceuSy a plant closely allied to 
G. hetcrophylluSy now inabitiiig the north of China and Japan. This 
conifer had a wide range in time, having been traced back to the 
Lower M iocene strata of Switzerland — and being common at (Eningen 
in the Ui^per Miocene, as we shall see in the sequel, Chapter XV. 

Newer Pliocene strata of England , — It is in the counties of Nor- 
folk, Suffolk, and Essex, that we obtain our most valuable information 
rcsjjccting the British Pliocene strata, whether newer or older. Tht- v 
have obtained iji those counties the j^rovincial name of “Crag,*’ 
applied particularly to masses of shelly sand which have long been 
used in agriculture to fertilise soils deficient in calcareous matter. 

In Suffolk the strata so named are divisible into the LoAver, called 
the White, or Coralline, and the Upper, or the Red Crag ; * but the in- 
ferior division occupies a very limited area, and the Red Crag usually 
reposes directly and without the intervention of the Coralline on older 
strata, as in Essex, for example, Avherc the relative position of the 
Red Crjig to the London Clay (an Eocene deposit) and to the chalk 
is exi)Iained in the accompanying diagram. Both the White and the 

Fig. 144. 

Crag. London Clay. ChaUc. 

1 ^ 

Red Crag, as we shall see in the sequel, belong to the Older Pliocene 
period, whereas a more modern 'deposit, occurring in the neighbour- 
hood of Norwich, is referable to the Newer Pliocene. It consists of 

cited, both by writers who opposed and indefinitely modified in their organlza- 
approved of it. The main proposition tion under the infitience of new con - 
which seemed so startling in 1833, ditions in the animate and inanimate 
namely, that species in general may world. 

be older than the lands and seas they * See paper by E. Charlesworth, Esq. ; 
inhabit, is now the creed of almost. London and Ed. Phil. Mag., No. xxxviii. 
every geologist, whether he adopts or p. 81., Aug. 1835. 
rejects the tlicory that species may be 
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beds of incoherent sand, loam, and gravel, which are exposed to view 
on both bfinks of the Ya re near Norwich. As they contain a mixture 
of marine, land, and freshwater shells, with iehthyolites and bones of 
mammalia, it is clear that these beds have been accumulated at the 
l)Ottom of a sea near the mGuth of a river. They form patches 
varying from 2 to 20 feet in thickness, resting on white chalk, and 
are covered by a dense mass of stratified flint-gravel. The surfaet* 
of the chalk is often perforated to the depth of several inches by the 
Pholas crispata^ each fossil shell ^till remaining at the bottom of its 
cylindrical cavity, now filled up with loose sand from the incumbent 
crag. This species of Pholas still exists, and drills the rocks between 
high and low water on the “British coast. The most common shells 
ot these strata, such as Fasns i^iriatus, F. antiquus, TnrritvUa com- 
munh^ Cardium edide, and Cyprina islandtca, are now abundant in 
the British seas; but with them are some extinct species, such as 
Kttcnln Cobholditc 145.), and Tellina old iqiia (fig. 14().). Nafica 
hclivohlcs (fig. 147.) is an example of a species formerly known only 

Fig. U5. Fig. 14<;. Fig. 1 17. 



NucuUi Cobboldice, Tcllina ohtUjua. Nafica hcltconfcs^ 

Juhn&lou. 




as fo>sil, but which has now been found living in our seas ; and I have 
recently seen, in the British iMiiseum, a living shell from Vancouver’s 
Island, so closely allied to N, Cohholdlce, that it would ])0 considered 
by many as merely a marked variety of the same form. 

The S'orwich Crag is seen resting on chalk in the sea cliff between 
Weybourne and Cromer, and is found at many jioints to the westward 
in the interior. The only place where beds containing the peculiar 
shells of this formation have been found directly overlying the Red 
Crag is at Chillesford, near Orfordin Suffolk; but we do not require 
tJie evidence of direct super jiosition to prove that the Norwich is a 
much newer deposit than the Red Crag, since the proj)ortion of reccnl 
to extinct species i.s so much greater in the Norwich beds, amount- 
ing, according to the latest investigations, to Si) per cent., whereas 
in the Red Crag it does not exceed 60 per cent. 

Among the accompanying remains of mammalia are those of a 
IMastodon, a portion of the upper jawbone with a tooth having been 
found by Mr. Wigham at Postwick, near Norwich. This species 
has also been found in the Red Crag, both at Sutton and at Felix- 
stow, and was till lately regarded as an Upper Miocene or Falunian 
species ; and under this persuasion, calling it 31, angvstidens^ on the 
authority of Professor Owen, I suggested that its remains might 
have been washed out of older strata into the Crag, just as wo some- 
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times observe London Clay and Chalk fossils introduced into tlie 
same deposit. But Dr. Falconer, who has devoted many years to the 
study of the fossil and recent Proboscideans, has shown that the 
fossil is a Pliocene species, first observed in Auvergne by MM. Croizet 
and Jobert, and named by them Mastodon arvernensis, Cuvier did 


Fig. H8. 



Mastodon arvernensis (N’orwich Postwirk. also found in Red Crag, see o. 201.) ; third milk 

molar, left side, upper jaw ; grinding surface, nat. size. Newer Pliocene. 


not adopt this name, for he had seen but a few specimens from 
Auvergne, and he confounded them with M. angustidens* The entire 
skeleton of both these Mastodons having now been obtained, they are 
found to be referable to two distinct sub-genera. The Crag fossil 
belongs to the Tetralophodon of Falconer, a sub-genus of which five 
species are known, so called because there are four ridges in the 
penultimate true molar as w^ell as in the two teeth which are placed 
immediately before it in both jaws. The Mastodon aitgustidens^ on 
the other hand, belongs, with six other species, to the section called 
Trilophodony in which the corresponding teeth have each three 
ridges ; and is, according to MM. Lartet and Falconer, characteristic 
of the Faluns of Tourainc, as well as of Sansan at the foot of the 
Vy reuecs, and several other Miocene localities. 

The Mastodon arvemensis^ says Dr. Falconer, is the only one yet 
found in England. It abounds with the Hippopotamus major in the 
Pliocene strata of the Val d’Arno, as well as in strata of the same 
age in Piedmont and at Montpellier. It may be considered, there- 
fore, as a characteristic Pliocene species in Italy, France, and Europe 
generally. 

^his Mastodon has never been found in the Cromer Forest bed 
above mentioned, p. 160., but several of the mammalia of that deposit, 
including the Elephas meridionalis^ are common to the Norwich beds, 
and to the older or* Red Crag. As to the Norwich Crag, it is now 
ascertained that it contains a larger proportion of living as compared 
to extinct shells than was formerly supposed ; for many of the lost 
species once referred to this forn^ation are worn specimens, few in 
number, and evidently washed out of the Red Crag into tlie newer 
strata. Others, which are really of contemporary date, and which 
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were believed to have died out, have been found living in the 
British seas, where they have become exceedingly rare. From the 
latest researches of Mr. S. P. Woodward, it seems probable that the 
extinct species do not exceed 11 in a hundred. 

ChiHesford beds^~\t was stated that at Chillesford, near Wood- 
bridge in Suffolk, the Norwich Crag has been found overlying the 
Red Crag. In this ease the Newer Pliocene beds arc argillaceous, 
and about 20 feet thick. Messrs. Prestwich and Searles Wood ob- 
tained from them 23 species of shells, of which 2 only, Nucula 
Cohboldi(B and Tellina obliqna^ are extinct. Among the other, or 
living species, a large proi)ortion, such as Leda lanceolatUy Cardium 
(J 2 :(]^nlandlcutn, Lucina borealis^ Cyprina islandica^ Panoptea norve- 
yica, nndMya truncata^hoirhy a Northern and some of them an Arctic 
(•haracier. There is good reason to believe that the Chillesford beds 
are older than the forest bed of Cromer, before alluded to ; and w hen 
we consider that these fossils occur within eighty miles of London, in 
the 52nd parallel of latitude, tve see in them a proof that the glacial 
e}) 0 ch began before the end of the Post-pliocene period.* 

Bridlington beds, — At Bridlington, on the coast of Yorkshire, 
near Flainborough Head, lat. 54° N., another deiiosit occurs of about 
the same age as the Chillesford beds, and tlicrefore older than the 
Cromer Forest, though somewhat newer than the Norwich Crag be- 
fore described, for it contains a still larger proportion of recent shells. 
The deposit is heterogeneous in conij)ositioii, consisting of sand and 
<*lay, with pebbles of various rocks, chalk and flint being the most 
abundant. The prevailing colour resembles that of London Clay. 
Mr. S. P. Woodward has lately been able to add 32 new sj)ecies to 
the fossils of this formation by studying the collections of Messrs. 
Bean and Leckenley at Scarborough, bringing up the total number to 
(>4, of which 4 only are extinct f, namely, Natica occlusay Cardita 
analisy Nucula Cobholdicc, and Tellina obliqua^ giving a proportion 
of only 6 ])er cent, of extinct species instead of 1 1, as in the Norwich 
beds on the Yare. Of the whole 64 shells, 36 arc common to the 
Norwich Crag proper, and 12 are peculiar to Bridlington, or were not 
])reviously known in any pliocene or glacial deposits in Great Britain. 
What is most remarkable is the fact, that of the 60 species which 
remain after abstracting the extinct forms, no less than 30 are in- 
Jiabitants of tlie Arctic regions, none of them extending southwards 
to the British seas. This is tiie more singular when we consider that 
Bridlington is situated in lat. 54° N. It will be seen in the next 
chapter that the cold came on gradually, beginning when the White 
Crag was formed, and increasing in the j)criod of the Red Crag, and 
still more in that of the Norwich formation, during which tlicro may 
have been several oscillations of temperature. The refrigeration 
seems to have reached its maximum, and to have been developed 
most extensively in Europe in Post-pliocene times. It may, no doubt, 

. • Antiquity of Man, by the Author, f Geol. Mag., Aug. 1864. 
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be said that the shells of Mod Tryfaeii above mentioned, found at a 
height of nearly 1400 feet above the sea, and in lat. 53® N., or nearly 
the same as that of Bridlington, do not imply so great a cold as the 
latter, as they only contain 1 1 shells in 54 of exclusively Arctic cha- 
racter, or only one-fifth of the whole number of species, instead of 
nearly half, as in the case of Bridlington. But the fauna of Mod 
Tryfaeii docs not illustrate the extreme cold of the glacial period 
like the beds of Errol and Elie, on the borders of the Tay and Forth. 
(See p. 153.) 


OLDER PLIOCENE STRATA. 


Red Crag of Suffolk . — The Crag of Suffolk, as already mentione,d, 
is divisible into the Upper or Red, and the Lower or White Crag.* 
These deposits, according to the late E. Forbes, appear by their 
embedded shells to have been formed in a sea of moderate depth, 
usually from 15 to 25 fathoms, but in some few spots perhaps deeper. 
Yet they carmot be called littoral, because the fauna is such as may 
have extended 40 or 50 miles from land. The Upper or Red Crag 
consists chiefly of quartzose sand, with an occasional intermixture of 
shells, for the most part rolled, and sometimes comminuted. It is 
distinguished by the deep ferruginous or ochreous colour, both of its 
sands and shells, wiiile the Older Crag, commonly called the Coralline, 
is white. Both formations are of moderate thickness ; the Red Crag 
rarely exceeding 40, and the Coralline seldom amounting to 20 feet. 
But their im])ortance is not to be estimated by the density of the 
mass of strata or its geographical extent, but by the extraordinary 
richness of its organic remains, belonging to a very peculiar type, 
which seems to characterize the state of the living creation in the 
north of Europe during the Older Pliocene era. 

The relative position of the Red Crag in Essex and the subjacent 
London clay and chalk has been already pointed out (fig. 144.). 
Whenever the two divisions are met with in the same district, the 
Red Crag lies uppermost ; and, in some cases, as in the section repre- 
sented in fig. 149., which I had an opportunity of seeing exposed to 
• 


t 


Sutton. 


•Fig. 149. 

Shottitham « 

Creek. RamshoU. 



Section near Ipswich, in Suffolk, 
a. Red Crag. b. Coralline Crag. c. London Clay, 


view in 1839, it is clear that the older or Coralline mass b had suffered 
denudation, before tlio newer formation a was throwu down upon it. 
At D there is not only a distinct cliff, 8 or 10 feet high, of Coralline 
Crag, running in a direction N.E. and S.W., against which the Red 

* See paper by E. Charlesworth, Esq.; London and Ed. Phil. Mag., No. xxxviii. 
p. 81., Aug. 1835. 
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Crag abuts with its horizontal layers ; but this cliff occasionally 
overhangs. The rook composing it is drilled everywhere by Pho- 
ladeSj the holes which they perforated having been afterwards filled 
with sand and covered over when the newer beds were thrown down. 
As the older formation is shown by its fossils to have accumulated 
in a deeper sea (15, and sometimes 25, fathoms deep or more), there 
must no doubt have been an upheaval of the sea-bottom before the 
cliff here alluded to was shaped out. We may also conclude that so 
great an amount of denudation could scarcely take place, in such in- 
coherent materials, without many of the fossils of the inferior beds 
becoming mixed up with the overlying crag, so that considerable 
difficulty must be occasionally ex[>erienced by the paleontologists in 
deciding which species belong severally to each group. 

The Red Crag being formed in a shallower sea, often resembles in 
structure a shifting sandbsnk, its layers being inclined dijigonally, 
and the planes of stratification being sometimes directed in the s;»me 
quarry to the four cjirdinal points of the compass, as at Butley. Tliat 
ill this and many other localities, such a structure not deceptive 
or due to any subsequent concretionary rearrangement of particles, 
or to mere lines of colour, is proved by each bed being made up of 
flat pieces of shell which lie parallel to the jdanes of the smaller 
strata. 

Some fossils which are very abundant in the Red Crag, have never 
been found in the white or coralline division ; as, for cxanqde, the 
Fusus contrarim (fig. 150.), and several species of Murex and 
Buccinum (or Nassd) (see figs. 151, 152.), which two genera seem 
wanting in the Lower Crag. 


Fig. (jO. Fossils characteristic of the Red Crag. 



Fusus conirartus. Purpura tetragona. Cyp% tea eur^ptca. 

Fig. 150. half nat. size ; the others nat. size. 


Many of these shells are found in a good state of preservation in 
the cliffs of Walton-on-Naze, in Essex; at Felixstow the cliffs afford 
fewer shells, and most of them are fragmentary. 

Among the bones and teeth of fishes are those of large sharks 
( Carcharodon)j and a gigantic skate of the extinct genus Myliohates^ 
and many other forms, some common to our seas, and many foreign 
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to them. It 18 questionable, however, whether all these can really 
be ascribed to the era of the Red Crag. Not a few of them may 
possibly have been derived from older strata, especially from those 
Lower Miocene formations to be described in the next chapter, which 
are largely develoj>ed in Belgium, and of which a fragment only 
(the Hempstead beds of Forbes) escaiied denudation in England. 

Many of the fossils found in the Red Crag have been washed out 
of older Tertiary strata, especially out of the Loudon Clay. This is 
particularly the case in one of the lower beds, which has of late been 
much used in agriculture for manure, as containing nodules of 
phosphate of lime. These nodujes often include crabs and hslies 
like those of the London Clay, and thus clearly betray the dale 
of their origin. With the nodules (in which there is nearly 60 
cent, of phosphate of lime), occur rolled flint pebbles, and others of 
sandstone, containing casts of crag-shells and many ear-bones of 
whales. Some teeth of the Mastodon arvernensisy and of a rhi- 
noceros and tapir, have also been found in the same bed, which has 
been worked near Felixstow among other places. As to the ear-bones 
of cetacea, Professor Henslow found those of two or three distinct 
s])ecies in this detrital bed at Felixstow. They belong, according 
to Professor Owen, to true whales of the family (fig. 154.). 

Mr. Wood is of opinion that they are of the age of the Red Crag, 
or if not that they may be derived 
from the destruction of beds of Coralline 
Crag. 

White or Coralline Crag . — The lower 
or Coralline Crag is of very limited ex- 
tent, ranging over an area about 20 miles 
in length, and 3 or 4 in breadth, between 

the rivers Aide and Stour. It is gene- Tympanic bone of^otenrt ^argmata, 

o Owen ; Red Crag, Felixstow. 

rally calcareous and marly — a mass 

of shells, bryozoa*, and small corals, passing occasionally into a soft 
building stone. At Sudbourn, near Orford, where it assumes this 
character are large quarries, in which the bottom of it has not been 
reached at tlie depth of 50 feet. At some places in the neighbour- 
hood, the softer mass is divided by thin flags of hard limestone, and 
bryozoa placed in the upright position in which they grew. 

From the abundance of these bryozoa or coralloid mollusca the 
lowest or White Crag obtained its popular name, but true corals, as 
now delined, or zoautharia, are very rare in this formation. 

The distinctness of the fossils of the Coralline from those of the 
Red Crag, arises in part from their higher antiquity, and, in some 

^ Ehrenbcrg proposed in 1831 tho The term Pofyzoumy synoajmova with 
term RryozoMiw, or “ Moss-animal,** for Bryozomtt was, it seems, proposed in 
the molluscous or ascidian form of polyp, 1830, or the year before, by Mr. J. V. 
characterized by having two opening Thompson, but is less generally adopted, 
to the digestive sack, as in Eschara, The animads of the ZooMiharia of Mihio 
Flustra, ReteporOy and other zoophytes Edwards and Haime, or the true corals, 
popularly included in the corals, but have only one opening to the stomach, 
now classed by naturalists as mollusca. 


Fig. 154. 
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degree, from a difference in the geographical conditions of the 
submarine bottom. The prolific growth of echini, bryozoa, and a 
prodigious variety of testacea, implies a region of deeper and more 
tranquil water ; whereas, the lied Crag may have been formed after- 
wards on the same spot, when the water was shallower. In the 
mean time the climate became decidedly somewhat cooler, and some 
of tlie zoophytes which flourished in the first period disappeared, so 
that the fauna of the Red Crag acquired a character more nearly re- 
sembling that of our northern seas, as is implied by the large de- 
velopment of certain sections of the genera Fusus^ Buccinum^ Pur^ 
ptfra, and Trochus^ proper to highe# latitudes, and which are wanting 
or feebly represented in the inferior crag, 

Some of the corals and bryozoa of the lower crag of Suffolk belong 
to genera unknown in the living creation, and of a very peculiar struc- 
ture ; as, for example, that I’epresented in the annexed figure (Ido.), 

Fig. 155. 



Fascicularia aurantiunif Milne Edwards. Family, Tubuliporitite^ of same author. 
Bryozoan of extinct genus, from the Inferior or Coralline Crag, SufiTulk. 

fl. exterior. b, vertical section of interior. c. portion of exterior inagnifi»*d. 

d, portion of interior magnified, showing that it is made up of long, thin, straight tubes, united 
in conical bundles. 


which i.s one of several species having a globular form. The great 
number and variety of these zoophytes probably indicate a# equable 
climate, free from intense cold in winter. On the other hand, that 
the heat was never excessive is confirmed by the prevalence of 
northern forms among the testacea, such as the GlycimeriSy Cyprina, 
and Astarte. Of the genus last mentioned (see fig. 15(5.) tliere are 
about fourteen species, many of them being rich in individuals ; and 



Asiarle OmaliU Monkalre ; Syn. A, bipartita^ Sow. Mlii. Con. T. 521 . f. 3. ; a very variable species, 
most characteristic of Che Coralline Crag, SulFolk. 
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there is an absence of genera peculiar to hot climates, such as Conus^ 
Oliva^ Mitra^ Fasciolaria^ Crassaiella, and others. The cowries 
( Cypma^ fig. 153.), also, are small, and belong to a section {Trivia) 
now inhabiting the colder regions. A large volute, called Valuta 
Lamherti (fig. 157.), may seem an exception ; but it differs in form 
from the volutes of the torrid zone, and may, like the living Valuta 
Magellanica^ have been fitted for an extra-tropical climate. 


Fig. 157. 


Fig. 158. 


Fig. 159. 



Voluta Lamberts young 
individ.. Cor. and Red 
Crag. 


Pyrula reticulata I 
Coralline Crag, Kain> 
sholt. 


Temnechinui creamiuSt 
Forbei ; TemnopU'urus 
ezearaiuM^ Wornl ; Cor. 
Crag, Kaushoit.^ 




The occurrence of a species of Lingula at Sutton (see fig. 160.) 
is worthy of remark, as these Brachiapada seem now confined to 
more equatorial latifndcs ; and the same may be said still more 
decidedly of a species of Pgruluy supposed by Mr. Wood to be iden- 
tical with P. reticulata (fig. 158.), now living in the Indian Ocean. 
A genus also of echinoderms, called by Professor Forbes Temnechimis 
(fig. 159.), is peculiar to the Red and Coralline Crag of Suffolk. The 
only species now living occur in the Indian Ocean. 

One of the most interesting conclusions deduced from a careful 
comparison of the shells of these British Older Pliocene strata and 
the fauna of our present seas, has been pointed out by Professor E. 
Forbes. It appears that, during the glacial period, a period inter- 
mediate, as we have seen, between that of the crag and our own time, 
many shells, previously established in the temperate zone, retreated 
southwards to avoid an uncongenial climate. The Professor has 
given a list of fifty shells which inhabited the British seas while the 
Coralline and Red Crag were forming, and which, though now living 
in our seas, are all wanting in the glacial deposits. They must there- 
fore, after their migration to the south, which took place during the 
glacial period, have made their way northwards again. In corro- 
boration of these views, it is stated that all these fifty species occur 
fossil in the Newer Pliocene strata of Sicily, Southern Italy, and the 
i Grecian Archipelago, where they may have enjoyed, during the era 
of floating icebergs, a climate resembling that now prevailing in 
liigher European latitudes.* 

The following tables have *becu drawn up for mo by Mr. Samuel 


* E. Forbes, Mem. Geol. Sarvey Gt. Brit., vol. i. p. 386. 
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P. Woodward, showing the results of a comparison of the lists of 
Crag shells described by Mr. Searles Wood in his excellent mono- 
graph on the fossil testacea of the British Pliocene formations. The 
list of the Norwich Crag shells has been corrected and enlarged by 
Mr. Woodward himself. They exhibit clear evidence of a gradual 
refrigeration of climate, which went on in the area of England from 
the time of the older to that of the most modern Pliocene strata, a 
refrigeration which had already been inferred from an examination 
of the Crag shells in 1846 by the late Edward Forbes.* 

Is umber of knoion Species o f Marine Testacea in the three KnfjJish 
Pliocene Deposits, called the Norwich, the lied, and the Coralline 
Crays,^ 


Brachiopoda - 

6 

Conch ifera - 

- 210 

Gasteropeda - 

- 220 


Total - 430 


Distribution of the above Marine Testacea, 

Norwich Crag - - 1 10 -r-of which 34 are peculiar. 

Red Crag - -219— „ 43 „ 

Coralline Crag - - 317 — „ 18S „ 

Species common to the 

Norwich and Red Crag, and not in Coralline*- - 42 

Norwich and Coralline, and not in Red . - 3 

Red and Coralline, and not in Norwicli - - - 103 

Norwich, Red, and Coralline - - - - 31J 

Proportion of Recent to Extinct Species^ 

Recent. Extinct. Per-centaRC of Recent. 
Norwich Crag - - 98 12 89 

Red Crag - - - 132 87 60 

Coralline Crag - - 165 152 52 

Recent Species not living now in British Seas, 

__ . , ^ Northern. Southern. 

Norwich Crag - - - - 15 0 

Red Crag - - - - 11 19 

Coralline Crag - - * - - l 28 

In the above list the shells of the Glacial beds, those, for example, 
of the Clyde, Errol, and Elie, and Moel Tryfaen (pp. 153. and 159.), 
and other British deposits newer than the Norwich Crag, have not 
been included. The land and freshwater shells have also been pur- 
posely omitted, as well as sonxe London Clay shells, sand others sus- 
pected to be spurious. 

♦ Mem. of GeoL Survey, London, X These 31 speeies must Be atldcd to 
1846, p. 391. ^ the numbers 42, 3, and 103, respectively. 

t The 25 shells peculiar to Bridling- in order to obtain the full amount of 
ton (p. 198.) are not included in the common species in each of those cases. 
Norwich Crag shells of these tables. 
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By far tlie greater number of tlie recent marine species included 
in these tables are still inhabitants of the British seas ; but even 
tlicse differ considerably in their relative abundance, some of the 
commonest of the Crag shells being now extremely scarce ; as, for 
(‘xamplc, Buccinum Daleiy and others, rarely met with in a fossil 
state, being now very common, as Murex erinacem and Cardium 
echinatum. 

The last table throws light on a marked alteration in the climate 
of the three successive periods. It will be seen that in the Coralline 
Crag there are 28 Southern shells, including 26 Mediterranean and 
1 West Indian species {Erato Maugerice). Of these only 13 occur 
in the Red Crag, associated with 3 new Southern species, while the 
whole of them disappear from the Norwich beds. On the other 
hand, the Coralline Crag contains only 2 shells closely related to 
living Northern forms, namely, Admete and Limopsis \ whereas, in 
tlie Red Crag, as stated in the table, tliere are 11 Northern spe- 
cies all common to the Norwich Crag, in which last we have also 
4 additional inhabitants of the Arctic regions : so that there is 
good evidence of a continual refrigeration of ^imate during the 
Pliocene^)eriod in Britain. The presence of these Northern shells 
cannot l)e explained away by supposing that they were inhabitants 
of the deep parts of tlie sea ; for some of them, such as Tellina 
valcarea (=/’. ohliqud) and Astarte borealis^ occur plentifully, and 
sometimes with the valves united by their ligament, in company with 
other littoral shells, such as Mga arenaria and Littorina rudis^ and 
evidently not thrown up from deep water. Yet the Northern 
character of the Norwich Crag is not fully shown by simply saying 
that it contains 12 Northern species. It is the predominance of 
certain genera and species, such as Rhgnchonella psittneea^ Tellina 
valcarea^ Astarte borealis^ Scalaria grcenlandicay and Fusus cari- 
9iatu.% which satisfies the mind of a conchologist as to the Arctic 
character of the Norwich Crag. In like manner, it is the presence 
of such genera as Pgrula^ Coliwibellay Terebra^ Cassidaria^ Pholn- 
ilomya^ Lingula^ Dlscina^ and others, which give a southern aspect 
to the Corfilliiie Crag shells. 

Tlio cold, which had gone on increasing from the time of the 
Coralline to that of the Norwich Crag, continued, though not perhaps 
witliout some oscillations of temperature, to become more and more 
severe after the accumulation of the latter, until it reached its 
maximum in what has been called the Glacial epoch. The marine 
fauna of this last period contains, both in Ireland and Scotland, 
reeent species of mollusca now living in Greenland and other seas 
i‘ar north of the areas where we find their remains in a fossil state. 

Ant^verp' Crag. — Strata of the same age as the Red and Coralline 
Ci*ag of Suffolk Imve been long known in the country round Antwerp 
ami on the banks of the Scheldt, below that city. More than 
200 species of testacea had been collected by MM. De Wael, Nyst, 
and others, Avhen I visited Antwerp in l8ol, of wliicli two-thirds 
were identified with Suflblk fossils by Mr. Wood. Among these he 
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recognized Lingula Dumortieri of Nyst (fig. 160 .), which F fouiul 
in abundance in what was called by M. de Wael the Middh* Crag. 

More than half of the shells of this Antwerp 
deposit agree with living species, and these 
belong in great part lo the fauna of i*ar 
Northern seas, though some Mediterranean 
species appear among them. I also met with 
numerous cetacean bones of the genera Ihihc^ 
nopttra and Ziphius in the Upper Ant\v(‘rp 
LinfiutaDwnort}en\s^t. Crag. They are not rolled, as if wash(*d out 
Antwerp ami Suffolk i rag. older bcds, uiid I infer that the animals to 

which they belonged once coexisted in the same sea with the asso- 
ciated fossil mollusca.* 

Three «llvis*uMis ot' the Aiitw'erp Cri\p; have hoen rcooj^nizod \>y 
tZie freoUtgists : fir>t, che Uppermost or Yellow Cra^, in wh*n*U 

81 species of shells were Igiown when I gave a list of them in IS.l^; 
secondly, the ^Middle Crag, from which 94 species Avere known ; and 
thirdly, the Lowest or Black Crag, from which Go shells had been 
obtained. This derives its name from the dark colour of most 
of the sand, which consists of green grains of glauconite. • 

There can be no doubt that the tAvo first formations arc referable 
to tlie Older Pliocene p(‘riod, the Yellow Crag containing about 60 
per cent, of recent si>ocies, AA'bile the Middle or Grey Crag contains 
about 50 per cent. Their close connection Avith the Red and Coral- 
line Crag of Suffolk is e<]ually clear, for in a list of 52 sludls from 
the Upper or Yellow Crag, and of 94 from the Aliddle Crag, there 
are only 7 s])ecies Avhich are not found in the British formations of 
eorresponding age. As Ave might have expected, the Ui)per Antwei p 
Crag agrees more with the Red Crag of England, Avhile the shells 
of the Middle AntAverp Crag correspond more with the Older or 
Coralline group of Suffolk. 

But Avhen Avc come to the Lowest or Black Crag Ave arc beginning 
to pass beyond the limits of the Older Pliocene formations, and ap- 
proaching the Miocene. Only two-thirds of the shells agree Avitli 
those of the Coralline Crag, and somcAvhat less than lialf of the fossil 
species are identifiable with species still living. They seem to form 
the first links of a chain of passage by Avhich we sliall in time be 
conducted Avithout a break to tliose older formations, the Upper 
Miocene of Belgium, to be treated of in the next chapter. 

Normandy , — I observed in 1840 a small patch of shells correspond- 
ing to those of the Suffolk Crag, near Valognes, in Normandy ; ami 
there is a deposit containing similar fossils at St. George Bohon, and 
several places a fcAV leagues to the south of Carentan, in Normandy ; 
but they have n^ver been traced farther southwards. 
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Subapennine strata, — The Apennines, it is well known, are com- 
posed chiefly of secondary rocks, forming a chain which branches off 

* Lyell on Belgian Tertiaries, Quart. Journ. Geol. Soc., 1852, p. 282. 
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from the Ligurian Alps and passes down the middle of the Italian 
))cninsula. At the foot of these mountains, on the side both of the 
Adriatic and the Mediterranean, mre found a series of tertiary strata, 
which form, for the most part» aline of low hills occupying the space 
between the older chain and the sea. Brocchi, as we have seen 
(p. 182.), was the first Italian geologist who described this newer 
group in detail, giving it the name of the Subapennine ; and he 
classed all the tertiary strata of Italy, from Piedmont to Calabria, as 
parts of the same system. Certain mineral characters, he observed, 
were common to the whole ; for the strata consist generally of light 
brown or blue marl, covered by yellow calcareous sand and gravel. 
There are also, he added, some species of fossil shells which are found 
in these deposits throughout the whole of Italy. 

We have now, however, satisfactory evidence that the Subapennine 
beds of Brocchi, although chiefly composed of Older Pliocene strata, 
belong nevertheless, in part, both to older and newer members of the 
tertiary series. The strata, for example, of the Superga, near Turin, 
are Miocene ; those of Asti and Parma Older Pliocene, as is the blue 
marl of Sienna; while the shells of the incumbent yellow sand of the. 
same territory approach more nearly to the recent fauna of the Medi- 
terranean, and may be Newer Pliocene. 

We have seen that most of the fossil shells of the Older Pliocene 
strata of Suffolk which are of recent species are identical with 
tostacea now living in British seas, yet some of them belong to 
Mediterranean species, and a few even of the genera are those of 
wanner climates. We might therefore expect, in studying the fos- 
sils of corresponding age in countries bordering the Mediterranean, 
to find among them some species and genera of warmer latitudes. 
Accordingly, in the marls belonging to this period aj; Asti, Parma, 
Sienna, and parts of the Tuscan and Roman territories, we observe 
the genera Cofius, Cyprcea, Strombus^ Pyrula^ Mitra^ Fasciolaria, 
Sif/aretHSyDeIpbinuIa,Ancillaria, Oliva^ Terebellumy Terebra^ Penut, 
Plicatala^ and Corbis^ some characteristic of tropical seas, others 
represented by species more numerous or of larger size than those 
now proper to the Mediterranean. 

The proportion borne by the recent to the extinct species varies 
in the same district, as Professor Ponzi pointed out to me, in 1857, 
in the neighbourhood of Rome, according to the place in the series 
occupied by different sets of superimposed marls and sands. 

The classification of these several members of the Pliocene period, 
and the sei)aratioii of them from the Miocene, is a task the accom- 
])lishmeiit of which will tax the skill and industry of the Italian 
geologists for many years to come. 

I have already alluded to * the Newer Pliocene deposits of the 
Upper Val d’Arno above Florence, and stated that below those sands 
and conglomerates, containing the remains of the Elephas meridionalis 
and other associated quadrupeds, lie an older horizontal and conform- 
able series of beds, which may .be classed as Older Pliocene. Tliey 
consist of blue clays with some subordinate layers of lignite, and 
exhibit a richer flora than the overlying Newer Pliocene beds, and 



208 


SUBAPENNINE STKATA. 


[Ch. xiir. 


one receding farther from the existing vegetation of Europe. They 
also comprise more species iSommon to the antecedent Miocene period. 
Among the genera of flowering plants M. Gaudin enumerates 
Gh/ptostrobuSf Taxodium, Sequoia, Ilex, Quercus, Prunus, Plaianvs, 
Alnus, Ulmus, Ficus, Lauriis, Persea, Oreodaplme {fig. 161.), China- 
momum. Cassia, Acer, luglans, Betula, lihamnus, Carya, li/ias, 
Smilax, Sassafras, Psoralea, and some others. 

This assemblage of plants indicates a warm climate, but not so 
subtropical a one as that of the Upper Miocene period, which will 
presently be considered. 

M Gaudin, jointly with the Marquis Strozzi, has thrown much 
light on the botany of beds of the same age in another part of Tuscany 
at a place called Montajone, between the rivers Elsa and Evola, 
where, among other plants, is found the Oreodaphne Heerii, Gaud. 
(>oe lig. 161.), which is probably only a variety of Oreodaphne faelens. 


Fig. IGl. 


Fig. 162. 



Orrofiaphn^ Ileerii. 
LcMt halt' nat. si^c.* 



Ltqvidnwhar tfiropteum var. trtlobatnm^ A. Br. ; (NOinetitnos 
A kibp<i anil iiicire conunotily 5 lobed). 

a. Leaf, half nat c. Fruit, nat. size. 

b. Fart of same, nat. size. cf. Scud, do. (Ltiingcn. 


or the laurel called the Til in Madeira, where, ns in tlie Canaries, it 
constitutes a large portion of the native woods, but cannot now 
endure the climate of Europe, In the fossil specimens the same* 
glands or protuberances as those which arc observed in the axils of 
tlie primary veins of the leaves in the recent Til are ])reserved.*f 

Another plant also indicatinga warmer climate is the Liquidamhar 
ettropoium, Brong. (see fig. 162.), a species nearly allied to L. styra- 
vijluum, L., which flourishes in most places in the »^outhcrn States of 
North America, on the borders of the Gulf of Mexico. 

As the leaves come nearer to this American form, .while the fruit, 
according to Heer, is smaller and nearer to the Syrian Liquidamhar 

* Ecuilles fossilcs dc la Toscane. Contrihiitions a la Flore fossilc Italicnne. 
Gaudin and Strozzi. Plate 11. fig. 3. t Gaudin, p. 22. 
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orientate, the fossil may, according to the doetrine of transmutation, 
liave been the original stock from which both have diverged. The 
rJaviincso Liquidambar is very distinct ; the fossil; according to 
llc^cr, ranges from the Older Pliocene to the Newer Miocene, but the 
genus has now disappeared from Europe. 

Tlic Tuscan blue marls of various localities, from which the above- 
mentioned flora was obtained, have yielded 36 species of marine 
iiiollusca, in which 16, according to M. Karl Mayer, are recent. 

Aralo- Caspian formations , — This name has been given by Sir R. 
Murchison and M. de Verneuil to the limestone and associated sandy 
l»eds of brack isli- water origin, which have been traced over a very 
extensive area, suiTounding the Caspian, Azof, and Aral Seas, and 
jmrts of tlie northern and western coasts of the Black Sea. The 
fossil sliells are partly fresliwater, as Paludina, Neritina, &c., and 
partly marine, of the family Cardiacim and My tilt. The species are 
id(Miticul, in great part, with those now inhabiting the Caspian ; and 
when not living, tliey are analogous to forms now' found in the inland 
seas of Asia, rather than to oceanic types.* The limestone rises occa- 
sionally to the height of several hundred feet above the sea. and i> 
.supjK)M?d to indicate the forfner existence of a vast inland sheet of 
brackish w'fiter iis large as the Mediterranean, or larger. 

''Hie proportion of recent species agreeing wdth the fauna of the 
Caspian is so considerable, as to leave no doubt in the minds of the 
gi‘ologists above cited that this rock, also called by them the Steppe 
Limestone,” btdongs to the Pliocene period.* 


Geol. of Russia, p. 279. 
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CHAPTER XIV. 

MIOCENE PERIOD. 

Upper Miocene strata of France — Fahins of Touraine — Depth of sea anrl littoral 
• character of fauna — Tropical climate implied hy the testacea — Proportiem of 
recent species of shells — Faluns more ancient than the Suffolk Craf: — Varieties 
of Voliita Lamberti peculiar to Faluns and to Suffolk Crap — The same 
Species are common to more than one geological Period — J/)wer Miocene strata 
of France — Remarks on classification, and where to draw the line of separation 
>>etween Miocene and Eocene strata — Relations of the Gres tie Fontainehlean to 
The Faluns and to the Calcnire Grossier— I/>wcr Miocene strata of Central 
France —Lacustrine strata of Auvergne — Indusial limestone — Fossil nia«t nialia 
of the Limagnc d’Anvergne — Freshwater str|ita of the Cantal — Its resemblance 
in some places to white chalk with flints — Proofs of gradual deposition — Miocene 
strata of Bordeaux and South of France- Upper Miocene strata of Gers — 
])ryof)ithecus — Belgian and British Miocene formations — Kdeghain hc<ls near 
Antw'erp — Dicst sands of Belgium and contemjioraneons iron-sands of North 
Downs — Upper Miocene beds of Belgium — Bolderberg — Lower Miocene 
strata of Kleyn Spawen- -Ileinpstead bc«ls. Isle of Wight — Bovey T'-aoey Lig- 
nites in Devonshire — Isle of Mull Leaf-beds — Miocene formations of Geniiany 
— Mayence ba«in — Upper Miocene beds of Vienna basin — Lower Miocene of 
Croatia — Fossil Lcpidoptcra — Oligocenc strata of Professor Jicyrieh — Miocene 
strata of Italy.^ 


MIOCENE STRATA OF FRANCE. UPPER MIOCENE FALUNS OF 

• TOURAINE. MIOCENE FORMATIONS. 

The strata which wo incct with next in the dcsconding orth^r an* 
those called hy many geologists “ Middle Tertiary,” for which in 1S3.‘1 
I pro]>osed the name of Miocene, selecting the “ faluns ” of the valley 
of the Loire in P'rance as ray example or type. 

I shall now call these falunian deposits Upper Miocene, to distin- 
guish them from others to which the name of Lower Miocene will he 
given. The latter were classed by me in former editions of this work 
as Upper Eocene, and the reasons which have imlucod me to alter 
this classification will be fully explained to th(^ reafl(»r in this ami 
the following chapter. The term “ faluns ” is given provincially hy 
French agriculturists to shelly sand and marl spread over the land in 
Touraine, just as the “ crag ” was formerly much used to fertilize the 
soil in Suffolk. Isolated masses of such faluns occur from n<*ar the 
mouth of the Loire, in the neighbourhood of Nantes, to as far inland 
as a district south of Tours, They are also found at Pontlevoy, on the 
Cher, about 70 miles above the junction of that river with the Loire, 
and 30 miles S.E. of 'J'ours. Deposits of the same age also appear 
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under new mineral conditions near the towns of Dinan and Rennes, 
in Brittany. I have visited all the localities above enumerated, and 
found the beds on the Loire to consist principally of sand and miirl. 
in which are shells and corals, some entire, some rolled, and •tlieiN in 
minute fragments. In certain districts, as at Dou6, in the Department 
of Maine and 1 oirc, ten miles S.W. of Saumur, they form a soft 
building-stone, chiefly composed of an aggregate of broken shell-, 
bryozoa. corals, and ecliin<»derm8, united by a calcareous cement ; 
the whole mass being very like the Coralline Crag near Aldljoroiigli 
and Sudbourii in Suffolk. The scattered patches of faluns are of 
slight thickness, rarely exceeding fifty feet; and between the district 
pjillod Solognc and the sea they repose on a great variety of oldi i- 
rocks ; being seen to rest successively upon gneiss, clayslate, varii»fi-* 
secondary formations, including the chalk; and, lastly, upon the 
upper freshwater limestone of the Parisian tertiary series, which, jh 
V) eft)re mentioned (p. 182.), stretches continuously from the basin oi' 
the Seine to that of th® Loire. 

At some points, as atLouans, south of Tonrs, the shells are stained 
of a ferruginous colour, not unlike that of the Rod Crag of Suffolk. 
The species are. for the most part, marine, but a few of them belong 
to land and fluviatile genera. Among the former, Helix furotunsts 
(fig. 45. p. 30.) is the most abundant. Re- f's- 

mains of terrestrial quadrupeds are here 
and there intermixed, belonging to the ge- 
nera Dinotlicrium (fig. 162 a.% Mastodon, 

Rliinocero**, Hippopotamus, Clueropota- < 
mils, Dichobiime, Deer, and others, and 
tli(»se are accompanied by cetacea, such 
as the Lamantino, Morse, Sea-calf, and 
Dolphin, all of extinct species. 

Professor E. Forbes, after studying the 
fossil testacca which I obtained from these 
beds, told me that he had no doubt that 

tliey were formed p^*tly oii the shore i^inotk^riuMgfganintm.Km]^ 
itself at the level of low water, and partly at very moderate depih’=. 
not exceeding ten fathoms l>elow that level. The molluscous fauiin 
of the “ faluns ” is on the whole much more littoral than that of the 
Red and Coralline Crag of Suffolk, and implies a shallower sea. It 
is, moreover, contrasted with the Suflblk Crag by the indication- it 
affords of an extra- European climate. Thus it contains seven species 
of Cf/preea, some larger than any existing cowry of the Mediterrain an. 
si'veral species of Oliva, Aficiiiaria, Mitra, Terebra, Pf/rula, Fas- 
cinhria, and Comts, Of the cones there are no less than eight 
species, some very large, whereas the only European cone is of di- 
minutive size. The genus j^erifa, and many others, are also re]n*e- 
sented by individuals of a type now characteristic of equatorial se^l^, 
and wholly unlike any Mediterranean forms. These proofs of a more 
elevated temperature seem toinqdy the higher antiquity of the failnJ^ 

r 2 
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ns compared with the Suffolk Crn<r, and are in pcrfi^ct accordauco 
with the fact of the smaller projKirtion of lestaccaof recent species 
found in the fnluns. 

Out if 290 species of shells, collected by myself in 1840 at 
Pontlevoy, Louans, Boss^e, and other villages twenty miles south of 
Tours, and at Savigne, about fifteen miles north-west of that place, 
seventy-two only could be identified witli recent species, whicli is in 
the proportion of twenty-fire per cent. A large number of the 290 
species are common to all the locaUties, those peculiar to each not 
being more numerous than we might expect to find in dific' 3nt hays 
of the same sea. 

The total number of testaceous mollusoa from tlie faluns, an my 
possession, is 302, of which forty-five only wwo found by Mr- Wood 
to be coimnon to the Suffolk Crag. The number of corals, inoluding 
l)ryozoa and zeanthni'ia, obtained by mo at Doii4, and other localities 
before adverted to, amounts to fo4*ty-three, as determined by Mr. 
Lonsdale, of which seven (one of them a zoantharinn) agree* spe- 
cifically with tl>ose of the Suffolk Crag. Only one has, as yc‘^ been 
identified with a living species. But it is difiicult, nofwitlist^Aiiding 
t}ie .‘iJi'.’i/wcs recently made by Dana, Milne Edwiirds, llnime, 

and f»nsdsile, to iiistitute.il satisfactory comparison b(*tweon rec(*nt 
and zoanthai'ia and bryozoa. Some of the genera occurring 

fossil in Touraine, as tlie Astrea, Dendrophyllia^ Lumilitcs^ have not 
been found in European sea.s north of the Meditc^anean ; neverthe- 
less the zoantharia of the faluns do not .seem to indicate on the whole 
so warm a climate as would be inferre<l from the shells. 

It was stated that, on eompai’ing alKiut 300 species of Touraine 
>hells with about 450 from tin* Suffolk Crag, forty-five only wen* 
Ibuud to be common to both, which is in the proportion of only 
fifteen ]>er cent. The same small amount of agreement is found in 
the corals also. I formerly endeavoured to reconcile this marked dif ■ 
fenmee in species with the &iipiM>sed co-oxistence <of the two faunii.^, 
by imagining them to have severally belonged to di.stinct zoological 
]>roviuct*.s or two seas, the ojie opening to th^iortb, and the other to 
the south, with a barrier of land between tliem, like the Isthmus of 
Suez, .separating the lied Sea and the Medltermnean. But I now 
abandon that idea for several reasons ; among others, because I suc- 
ceede<l in 1841 in tracing .tho Crag fauna southwards in Normandy 
to within seventy miles of the Faluniau type, near Dinan, yet found 
that both assemblages of fossils retained their distinctive characters, 
showing no signs of any blending of species or transition of climate. 

On a comparison of 280 Mediterranean shells with 600 British 
species, made for me by an experienced conchologist in 1841, 160 
were found to be common to both collections, whjch is in the pro- 
portion of fifty-seven per cent., a fourfold greater s^KJclfic resenibhince 
than between the seas of the crag and the faluns, notwithstanding 
the greater geographical distance between England and the Medi- 
terranean than between Suffolk and the Loire. The principal 
grounds, however, for referring the English Crag to the Older 
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Pliocene and the French falims to the Upper Miocene epochs, consist 
in the predominance of fossil shells in the British strata identifiable 
Avith species, not only still liririg, but which are now inhabitants of 
neighbouring seas, while the accoinpanying extinct species are of 
genera such as characterize ]E^arope. In the faluns, on the contrary, 
the recent species are in a decided minority ; and most of them are 
now inhabitants of the Mediterraneasi, the coast of Africa, and the 
Indian Ocean ^ in a word, less northern in character and pointing 
to the prevalence of a warmer climate. They indicate a state of 
things receding farther from the present condition of Central Europe 
in pliysieal geography and climate, and doubtless, therefore, reced- 
ing farther from our era in time. 

Among tlie conspicuous shells which are common to the faluns of 
the Loire and the Suffolk Crag is the Valuta iMmberti^ before men- 
tioned, page 203.. All the specimens of this shell which I hav% my- 
self collected in Touraiue or have seen in museums are thicker and 
lieavier than British individuals of the same species, and shorter in 
proportion to tlieir width, and have the folds on the columella less 
oblique, as i-epresented in the annexed ligui-es. 


Fig. I«2 6. 


Flg.*163. 




Valuta Lamberti, 
Vanrty characteristic of Fa1un» 
of Touraine. Miocene. 


Mr. Searles Wood has fully appreciated these constant differences, 
but has, I think, with propriety regarded the two forms as mere 
varieties, or races of one and the same species. It is remarkable, 
however, that the* late Alcide d’Orbigny who so often founded 
species on very fin6 distinctions, should have coincided in this view. 
It may, I think, be fairly assumed that he would not have done so 
had he not imagined the Suffolk Crag to be identical in age with 

* A. d'Orbigny, Cours Elementairc de Paleontologie, vol. ii. pp. 793. 797., 1852. 
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the faluns of the Loire, not being aware that it differed in so many 
important respects, especially in its approach to the living fauna of 
the neighbouring sea, from the French deposit. He was one of those 
naturalists who advocated the doctrine that there was a complete 
di.'.tinctioii between tlie fossil species of periods standing next to 
each other in chronological succession. Had ho ranked the faluns 
as Miocene and the crag of Suffolk as Pliocene, he would not have 
assimilated two forms so easily distinguishable. This wo are entitled 
to infer from his refusal to admit the specific agreement of any 
faliiniau and liv'ing shells, and, what is still more remarkable, his 
refusing to allow the existence of more than 44 recent species out 
of 437 in his newer or Subapennine group. He divided the whole 
tertiary series into five stages, each supposed to mark an era of 
rt‘pose on the earth’s surface, at the end of which all the living 
inhabitants were annihilated by a great catastrophe, the earth being 
afterwards repeopled with a new set of forms. Even when he was 
forced to admit that one or two in a hundred of the fossils passed 
from one formation to another, he was inclined to attrib.ite that 
^niall amount of agreement to the washing of dead shells from older 
into newer strata. This doctrine of the abaoluto distinction of 
>pt cies in formations next in the order of suciiession would scarcely 
be worth referring to now that it is so generally n*jccted by the most 
<‘xperienced geologists, were it not for the great ingenuity with 
which some of its advocates have defended their views. When the 
shtdls are confessedly undistinguishable, it has sometimes been sug- 
gtv-ted, that if the soft parts of the animals had been preserveil, they 
would pruliably have been found to differ. On the other hand, it is 
not uniiistructive to iK)te how easily palaeontologists of uiuiuestion- 
ablc merit can, if they are under the influence of a theory, such us 
that above alluded to, find specific distinctions wherever they are 
wanted, or, on the other hand, pronounce the same to have merely 
the value of a variety. 

The points of difference expressed in the two figs. 1(32 h, and 1(33. 
may be regarded by the same zoologist as mere races or geographical 
\'arieties so long as both are believed to belong to the same preciM* 
<-ra, but th(3y will take the rank of spetdes if one be regarded as 
Miocene and tlie other as Pliocene. Specimens have occasionally 
been found of this volute in the Coralline Crag which helj) to connect 
tlie Touraineform with that of the Hcd Crag, but it often ha])pens in 
analogous cases that no formation of intermediate age is extant, and 
tJieii all intermediate gradations, all evidence of there having been a 
passage from one form to the other, and of both having had a com- 
mon dcacoiit, may be loat. Zoologists, whether they adopt or reject 
tlie theory of the origin of species by natural selection, arc still bound 
to be consistent with themselves in regard to the amount of devia- 
tion from certain types which shall be deemed sufficient to constitute 
a specific difference. It is sufficiently difficult to arrive at philo- 
sophical conclusions when the characters relied on are strictly tho>e 
ot* the external forms and internal peculiarities of individuals ; but 
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when once our specific determinations are biassed by geological or 
geographical considerations, there is an end of all reaaonuUe hope 
of coming to consistent results. 

LOWER MIOCENE STRATA OF FRANCE. 

Remarks on classification^ and where to draw the line of separation 
between Miocene and Eocene strata. — The marine faluns of the valley 
of tlie Loire have been already described as resting in some place* 
ou a freshwater tertiary limestone, fragments of f^liich have been 
broken off and rolled on the shores and in the bed of the Xliocene 
sea. Such pebbles are frequent at Pontlevoy ou the Cher, with 
hollows drilled in them in which the perforating marine shells of the 
Faluniau period still remain. Such a mode of superposition implies 
an interval of time between the origin of the freshwater limestone 
and its submergence beneath the waters of the Upper Miocene sea. 
Tlie limestone in question forms a part of the formation called the 
Caleaire de la Beauce, which constitutes a large tableland between 
the basins of the Loire and the Seine. It is associated with marls 
and other deposits, such as may have been formed in marshes and 
shallow lakes in tlie newest part of a great delta. Beds of flint, 
cofitinuous or in nodules, accumulated in these lakes, and aquatic 
plants called Choree^ left their stems and seed-vessels embedded both 
in the marl and flint, together with freshwater and land shells. Some 
of the siliceous rocks of this formation are used extensively for mill- 
si <nies. The flat summits or platforms of the hills round Paris, and 
large areas in the forest of Fontainebleau, as well as the Plateau de 
la Beauce, already alluded to, are chiefly cofloposed of these fre*li- 
water strata., !Next to these in the de*cending order are marine 
sands and sandstone, commonly called the Gres de Fontainebleau, 
from which a considerable number of shells, very distinct from tho*e 
of the faluns, have been obtained at Etampes, south of Paris, and at 
Montmartre and other hills in Paris itself, or in its suburbs. At 
the bottom of these sands a green clay occurs, containing a small 
oy*ter, Ostrea ajatkida^ Lam., which, although of slight thickness, i* 
spread over a wide area. This clay rests immediately ou the Pari* 
gyp*um, or that series of beds of gyi)sum and gypseous marl from 
which Cuvier first obtained several species of Paleotherium and 
other extinct mammalia.* At this point the majority of French 
geologists have always drawn the line between the Middle and 
J..ower Tertiary, or between the Miocene and Eocene formations, 
regarding the Fontainebleau sands and the Ostrea cputhula clay a* 
the base of the Miocene, and the gypsum with its mammalia as the 
top of the Eocene group. From that method of classiflcntion 1 
formerly dissented, agreeing with M. Desliayes that the fossils of 
the marine sands showed a much greater atlinity to the subjacent 
Eocene formations than to the more modern faluns of Touraiin\ lu 


* See below. Chap. XVL 



216 LINE BETWEEN MIOCENE AND EOCENE. [Ch. XIV. 


his classicul work on the fossil shells of the environs of Paris (1824- 
37) he had described twenty-nine species from the Fontainebleau 
sands, of which some fejv could be identitied with fossils belonging 
to the older Calcaire Grossier, wdiereas no one of them was common 
to the faluns of Touniiiie. He also insisted on the general aspect or 
facies of the fauna bearing a far greater resemblance to the testacea 
of the older or Jioceiie group than to that of the faluns. 

A few years after the publication of my “ Principles of Geology 
(vol. iii.) in 1833, the directors of the Government Survey of France, 
MM. Dufrenoy a^d E. de Beaumont, referred the Paris gypsum in their 
geological map to the Eocene, and the overlying marine sands and 
Calcaire de laBeauceto the Miocene, the faluns of Touraine being re- 
garded by them as constituting an upper division of the same Miocene 
series. M. d’Archiac, in 1839, adopted the same method; and M. Alcide 
d’Orbigny, in his Paleontology in 1852, classed the Gres de Fontaine- 
bleau, or “ Sables Superieurs,” as Falunien A,” and the faluns oi* 
the Loire as ‘^Falunien B,” thus giving in his adhesion to the same 
system of classification. That there should have been much differ- 
ence of opinion on this subject was very natural, for, at tlie tinuj 
wlu^n I first took part in the controversy, there seemed very little 
prospect of bridging over the wide gap between tlie two formations 
which it was thus proposed to link together in one group. In 1857, 
i)y aid of a railway cutting at Etampes, the number of marine shells 
derived from the Fontainebleau sands was suddenly raised from 29 
to 90 species. The newly-discovered fossils furnished nrgiiim*nts 
both for and against the views of those who desired to refer the strata 
containing them to the Miocene rather than to the Eocene series. 
As bearing against those views, may be mentioned the fact that none 
of tlie 90 shells agreecfw’ith species proper to the faluns of the Loirt*, 
while some of them were identical with Calcaire Grossier species. 
This was the more worthy of note because £tam})cs is witliin seventy 
miles of Pontlevoy, near Blois, and not more than 100 miles from 
Savigne, near Tours, two localities where the falunian shells are 
very abundant. So striking a difference between the species of the 
valley of the Loire and those of the basin of the Seine, when we 
consider the contiguity of the spots above alluded to, could not be the 
result of geographical distribution at one Jind the same era, but must 
evidently have depended on a great difference in the ago of the de- 
posits. It marked the influence of Time, and not of Space. 

On the other hand, in favour of grouping the Etampes or Fon- 
tainebleau sands with the newer Falunian rather than with the older 
Eocene formations, M. Hebert pointed out that a majority of the 90 
Etampes and Gres de Fontainebleau fossils agreed specifically with 
shells which, in Belgium, Mayeiice, and other localities, had been 
shown by the labours of MM. Dumont, Nyst, De Koiiinck, and 
Bosquet to occupy a very distinct geological position above the 
typical Eocene series of the Paris basin, and of which the equiva- 
lents at Mayence had long been rcco*gnized as Miocene. M, Il^bert 
also published, in 1855, a map descriptive of the areas of two tertiary 
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seas, which succeeded each other in the Paris basin, — the firet that 
of the Calcaire Grossier, and the second that of the Fontainebleau 
Sands, — sliowiiig how marked is the wanl^of coincidence between 
them ; a fact which implies the occurrence of great geographical 
changes in the interval of time between the two eras compared. In 
the exjdanation of his map he gives his reasons for regarding the 
zone of Cerithium pHcatum^ or that of the Fontainebleau Sands, as 
the most convenient line of demarcation between Lower and Middle 
Tertiary, or between Eocene and Miocene.* 

When I was hesitating as to the course which it would be most 
expedient to take in drawing the line between Eocene and Miocene, 
M. Lartet, the distinguished French zoologist, whose writings on 
fossil mammalia arc of such acknowledged value, remarked to me 
that although the fossil testacea of the Fontainebleau »Sands show a 
])reponderance of affinities towards an Eocene fauna, and small con- 
nection with the faluns of Touraine, yet, on the other hand, the 
freshwater “ Calcaire de la Beauce,'^ immediately overlying the 
Fontainebleau Sands, and other lacustrine formations in Auvergne 
and Central France, as well as the fossiliferous strata of the Mayence 
basin, cannot be included in the same Eocene system without doing 
violence to paleontological principles. The grouping of the fossil 
mammalia, he observed, becomes less natural by such an arraiige- 
iiient ; for not only many genera, but even some species, are found 
on both sides of the arbitrary line of demarcation thus drawn be- 
tween Eocene and Miocene. The genera Dorcatherium^ Caino- 
therium^ Anchiiherium^ and Titanomys^ for example, and Rhinoceros 
incisivHS and others, would thereby be made common to Eocene and 
Miocene. 

Other arguments drawn from fossil botany in favour of uniting 
the Gres de Fontainebleau and faluns in one group will be more 
fully set forth in the next chapter, when I treat of the tertiary strata 
called “Molasse ” in Switzerland, and of the German Brown Coal. 

My unwillingness to include the Fontainebleau Sands and other 
strata of the same age in the Miocene Epoch arose partly from the 
necessity thereby incurred of abandoning for such deposits the deti- 
nition whicli I had already given of the term Miocene as imply- 
ing that a marked proportion, though a minority, of the fossil shells 
belong to living species. I had felt myself obliged, even in 1833, to 
disregard this difficulty, when, in the first edition of the “ Principles 
of Geology,” I classed the strata of the Mayence basin as Miocene, 
conceiving that, although almost every species of shell was extinct, 
they had more affinity with the Falunian than with the Eocene for- 
mations. From the first I had advocated the doctrine that there has 
been a continual ooming in of new species, and dying out of old ones, 
and a gradual change in the physical geography and climate of the 
earth, and not such a recurrence of sudden revolutions in the animate 
and inanimate worlds, as was, in 1833, insisted upon by many Engli^ll 
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geologists of note, and is still inaintuined by some einiixMit Cfni- 
tineiital writers. I therefore foretold that from time to lime lu'w 
sets of strata would c(]fae to light, and re(iuire to Ih) intercalated 
between those already described, in which case the tossils of some 
of the newly-found beds would ** deviate from the normal ty[)es first 
selected, and approximate more and more to the typos of tjie ante- 
cedent or subsequent epochs.” According to this view, it was 
obvious from the first that the oldest Miocene records, whenever 
they were detected, would not be easily distinguishable from the 
youngest members of the Eocene series, especially in the ^'roportion 
of the living to tlic extinct species of fossil shells. The iii.portanct', 
indeed, of the latter test must diininish rapidly the more we receile 
from the Pliocene and approach the Miocene, and still more the 
Eocene formations, although it is never without its value, and often 
furnishes tlie only common standard of comparison between si rata <»f 
very distant countries. To tliis subject of classificatii)u, or the lino 
of demarcation between the Eocene and M.oceiio strata, Ish ill again 
refer in this and the sixteenth chupter. 

Lower Miocene strata of Central France , — Lacustrine strata, be- 
longing, for the most part, to the same Mioeeiio system as tlie C’ai- 
caire de la Beauce, are again met with in Auvergne, Cantab and 
Velay, the sites of which uuiy be seen in the annexed map. They 
appear to be the moiuiments of ancient lakes, which, lik(‘ some 4)1’ 
thoa.e now existing in fciwitzerlaiid, once occupied the depressions in 
a mountainous region, and have been each fed by one or more river.> 
ami torrents. The country where they occur is almost e»itirely com- 
])osed of granite and different varieties of granitic seliist, with hi'n* 
and there a few patches of secondary strata, much di.^locaU^d, ami 
which have probably suffered great deniulatioii. There are also some 
va»t j>iles of volcanic matter (see the map), the greater ]>art of whicli 
i.> newer than the freshwater strata, and is sometimes seen to rc‘.'5t 
upon them, while a small part has evidi|ptly been of contemporaneous 
origin. Of these igiietjus rocks I shall treat more particularly in 
another part of this work. 

Before entering into any details, I may observe that the study 
of these regions possesses a ])eculiar interest, very distinct in kiml 
from that derivable from the investigation (iither of the Parisian or 
English tertiary areas. For we are presented in Auvergne with the 
evidence of a series of events of astonibhing magnitude and grandeur, 
by wliich the original form and features of the country have been 
greatly changed, yet never so far obliterated but that they may still, 
in part at least, be restored in imagination. Great lakes liave dis- 
apj)eared — lofty mountains liave been formed, by the reiterated 
emission of lava, preceded and followed by showers of sand anti 
scorias — deep valleys have been subsequently furrowed out through 
masses of lacustrine and volcanic origin — at a still later date, new 
cones have been thrown up in these valleys — new lakes have been 
formed by the damming up of rivers^ — and more than one creation of 
quadrupeds, birds, and plants, Eocene, Miocene, and Pliocene, have 
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its external condition and physical structure before these wonderful 
vicissitudes began, or while a part only of the whole liad been com- 
pleted. There was first a period when the spacious lakes, of whieli 
we still may trace the boundoi'ies, lay at tlie foot of mountains, of 
moderate elevation, unbroken by the bold peaks and pn^cipiees of 
Mont Dor, and unadorned by the picturesque outlim* ot the Piiy de 
Dome, or of the volcanic cones and craters now covering the granitic 
platform. During this earlier scene of repose deltas were slowly 
formed ; beds of marl and sand, several hundred ft‘et thick, deposited ; 
siliceous and calcareous rocks precipitate* I from the waters oi mineral 
springs ; shells and insects embedded, together with the remains of 
the crocodile and tortoise ; the eggs and bones of water-birds, and 
the skeletons of quadrupeds, most of tliem of genera and species 
characteristic of the Miocene period. To this tranquil condition of 
the surface succeeded the era of volcanic eruptions, when the lakes 
\vere drained, and when the fertility of the mountainous district was 
probably enhanced by the igneous matter ejected from below, and 
poured down upon the more sterile granite. During these ei Lption'!, 
which appear to have taken place towards the close of the Miocc'ue 
epoch, and which continued during the Pliocene, various assem- 
blages of quadrupeds successively inhabited the district, amongst 
which are found tlie genera mastodon, rhinoceros, elephant, tai)ir, 
hippopotamus, together with the ox, various kinds of deer, the bear, 
byivua, and many beasts of prey which ranged the f<»rest, or pastured 
on the plain, and were occasionally overtaken by a fall of burning 
<*inders, or buried in flows of mud, such as accomj>any volcanic 
erujUions. Lastly, these quadrupeds became extinct, and gave j)lace 
in their turn to the species now existing. There are no signs, 
during the whole time required for this series of events, of the sea 
having intervened, nor of any denudation which may not liave been 
accomplislied by currents in the different lakes, or by rivers and floods 
accompanying repeated earthquakes, or subterranean movements, 
during which the levels of the district have in some places been 
materially modified, and perhaps the whole ui^raised relatively to the 
surrounding parts of France. 

j4tiverf/n €. — The most northern of the freshwater groups is situ- 
ated in the valley-plain of the Allier, which lies within the depart- 
ment of the Puy de Dome, being the tract which went formerly 
by the name of the Limagne d’ Auvergne. It is enclosed by two 
parallel mountain ranges, — that of the Forez, wliicli divides the 
waters of the Loire and Allier on the east ; and that of the Monts 
Domes, which separates the Allier from the Sioule, on the west.* 
The average breadth of this tract is about twenty miles ; and it is for 
the most part composed of nearly horizontal strata of sand, sand- 
stone, calcareous marl, clay, and limestone, none of which observe 
a fixed and invariable order of superposition. The ancient borders 
of the lake, wherein the freshwater strata were accumulated, may 
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generally be traced with precision, the granite and other ancient rocks 
rising up boldly from the level country. The actual junction, how- 
ever, of the lacustrine beds and the granite is rarely seen, as a small 
valley usually intervenes between them. The freshwater strata may 
sometimes be seen to retain their horizontality within a very slight 
distance of the border-rocks, while in some places they are inclined, 
and in few instances vertical. The principal divisions into which 
tlie lacustrine series may be separated are the following: — 1st, 
Sandston(*, grit, and conglomerate, including red marl and red sand- 
stone ; 2dly, Green and white foliated marls; 3dly, Limestone, or 
travertin, often oolitic in structure ; 4thly, Gypseous marls. 

1. a. Sandstone and conglomerate . — Strata of sand and gravel, 
ponietimes bound together into a solid rock, are found in great abun- 
dance around the confines of the lacustrine basin, containing, in 
<litferent places, pebbles of all the ancient rocks of the adjoining 
edevated country; namely, granite, gneiss, mica-schist, clay-slate, 
porphyry, and others, l>ut without any intermixture of basaltic or 
other tertiary volcanic rocks. These strata do not form one con- 
tinuous band around the margin of the basin, being ratlier disposed 
like the independent deltas Avhich grow at the mouths of torrents, 
along the borders of existing lakes. 

At Chainalieres, near Clermont, we have an example of one of 
these deltas, or littoral deposits, of local extent, where the pebbly 
beds slope away from the granite, as if they had formed a talus 
beneath the waters of the lake near the steep shore. A section of 
about fifty feet in vertical height has been laid open by a torrent, 
and the pebbles are seen to consist throughout of rounded and 
angular fragments of granite, quartz, primary slate, and red sand- 
stone. Partial layers of lignite and pieces of wood are found iu these 
beds. 

At some localities on the margin of the basin, quartzosc grits are 
found ; and, where these rest on granite, they are sometimes formed 
of separate crystals of quartz, mica, and felspar, derived from the 
disintegrated granite, the crystals having been subsequently bound 
together by a siliceous cement. In these cases the granite seems 
regenerated in a ncAvand more solid form ; and so gradual a passage 
takes place between the rock of crystalline and that of mechanical 
origin, that we can scarcely distinguish where one ends and the 
other begins. 

In the hills called the Puy de Jussat and La Roche, we have the 
advantage of seeing a section continuously exposed for about 700 feet 
ill thickness. At the bottom are foliated marls, white and green, 
about 400 feet thick ; and above, resting on the marls, are thequartzose 
grits, cemented by jcalcareoiis matter, which is sometimes so abundant 
as to form embedded nodules. These sometimes constitute spheroidal 
concretions six feet in diameter, and pass into beds of solid lime- 
stone, resembling the Italian travertins, or the deposits of mineral 
springs. • 

1 . b. Red marl and sandstone . — But the most remarkable of the 
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arenac<>oiis croups is one of red sandstone and red marl, which are 
identical in all their mineral characters with the secondary New lied 
sandstone and marl of England. In these secondary rocks tlie red 
frround is sometimes variejjated with lif^ht pjreenish spots, and tlie 
same may be seen in the tertiary formation of freshwater origin at 
Condes, on the Allier. The marls are sometimes of' a purplish-red 
colour, as at Champheix, and are accompanied by a reddish-lime- 
stone, like the well-known “ corn stone/* which is associatt^d with the 
Old Red sandstone of English geologists. The red sandstone and 
marl of Auvergne hai^e evidently been derived from the degradation 
of gneiss and mica-schist, which are seen in situ on the adjoining 
hills, decomposing into a soil very similar to the tertiary red sand 
and marl. We also find pebbles of gneiss, mica-schist, and (piartz 
in the coarser sandstones *of this group, clearly pointing to the 
parent rocks from which the sand and marl are derived. The red 
beds although destitute themselves of organic remains, pass upwards 
into strata containing tertiary fossils, and are certairdy an integral 
part of the lacustrine formation. From this exam])K‘ tbc student 
will learn how small is the* value of minenil character alone, as a 
te«t of tlie relative age of rocks. 

2. Green a?id white foliated marls , — The same primary rocks of 
Auvergne, which, by the partial degradation of their harder parts, 
gave rise to the quartzo«e grits and conglomerates before mentioned, 
would, by the reduction of the same materials into powder, and by 
tie* <lecoinpo<ition of their felspar, mica, and hornblende, produ<*e 
nluuiinous clay, and, if a sufficient quantity of earbonate of lime 
was present, ealcareous marl. This line sediment would naturally 
1 k‘ carried out to a greater distance from the shon*, as are the 
various finer marls now deposited in Lake Sujierior. And as, in tin* 
American lake, shingle and sand are annually amassed lu^ar the 
northern shores, so in Auvergne the grits and eonglomerates before 
mentioned were evidently formed near the borders. 

The entire thickness of these marls is unknown ; but it certainly 
exceeds, in some places, 700 feet. They arc*, for the most part, 
either light-green or wliite, and nsiiully calcar<*ous. Th<*y are 
thinly foliated — a character which frequently arises from the iii- 
miinerahle tliin shells, or earn pace- valves, of that small enistacenn 
called Q/pris, which is provided with two small valv(‘s, not unlikes 
tho«e of a bivalve shell, and moults its integuments ]»eriodicallv, 
which tlie concliiferons moliusks do not. This circiimstiince nniv 
partly explain the countless myriads of the shells of Ct/pris which 
were shed in the ancient lakes of Auv(»rgne, so as to giv<‘ rise to 
divisions in the marl as thin as paper, and that, too, in stratiii«‘d 
masses several hundred feet thick, A more convjneing jiroof of the 
tranquillity and clearness of tlie waters, and of the slow and gradual 
process ^>y which the lake was filled up with line niiid, eaiinot l>e 
desired. Rut we may easily .‘iuppose that, wliile this fine sediment 
was thrown down in the deep and rentriil parts of the basin, g?-avel, 
sand, and rocky fragments were hurried into the lake, and d<*jiositcd 
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nonr tho shore, forming tho group descriVjcd in the preceding 
section. 

Not far from Clermont, the green. marls, containing the Cypris in 
abundance, approach to within a few yards of the granite which fonn.s 
tho borders of the basin. The occurrence of these marls so near the 
ancient margin may be explained by considering that, at the bottom 
of the ancient lake, no coarse ingredients were depo.sited in spaces 
intermediate between the points where rivers and torrents entered. 


Fig. 165. 



Vertical itrata of marl, at Champradelle, near Clermont. 

A. Oranire. B. Space of 60 feet. In which no »ectlon is <een. 

C. Oieeii marl, vertical andjnclined. D. White marl. 

but finer miid only was drifted there by currents. The verticnUfy of 
some of the beds in the above section l>ears testimony to considerable 
local disturbance subsequent to the deposition of the marls ; but such 
inclined and vertical strata are very rare. 

3. Lim^stonpy frarerfhf^ oolite , — Both the preceding members of 
the lacustrine d(*posit, the marls and grits, pass occasionally into 
limestone. Sometimes only concretionary nodules abound in them ; 
but thes(‘, where there is an increase in the quantity of calcareous 
matter, unite into regular beds. 

On each side of the basin of the Limagne, Imth on the west at 
(tannat, and on the east at Vichy, a white oolitic limestone is qiiar- 
ric'd. At Vichy, tho oolite resembles our Bath stone in appeanince 
and beauty ; and, like it, is soft when first taken from the quarry, 
blit soon hardens on exposure to the air. At Gannat, the stone 
contains land-shells and bones of quadrupeds. At Chadrat. in the 
hill of La Serre, the lime'^tone is pisolitic, the small spheroids com- 
bining both the radiated and concentric structure. 

Indusin! limestone , — There is another remarkable fonn of fresh- 
water liniestoue in Auvergne, called indusial,” from the cases, i»r 
indnsiee^ of caddis- worms (the larva? of Phrygnned); great heaps of 
which have bocui encrusted, as they lay, by carbonate of lime, add 
formed into a hard travertin. The roek is sometimes purely cal- 
eareoiis, but there is oeeasioually an intermixture of siliceous nuitter. 
Several beds of jt are frequently seen, either in continuous inas-je'^, 
or in concretionary nodules, one upon another, with layers of marl 
interposed. The annexed drawing (fig. 166.) will show the manner 
in which one of these indusial IkmIs («) is laid open at the surtace, 
hetweeii the marls (/>, h\ near riio hase of the hill of Gorgovia ; and 
affords, at the same time, an example of the extent to which the 
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lacustriiio strata, which must once have tilled a hollow, have been 
denuded, and shaped out into hills aud valleys, on the site of the 
ancient lakes. 

Fig 166. 



J3eil nf iiiilusMl limesioiK*, intcrstratitiod with freshwat(*r marl, near Cleriimiit (KU'iii'tclirnd). 

We iiifiy often observe in our ponds tin' ^Phrygonen (or Cad<li<- 
tly), in its caterpillar state, covered with small fresliwater sliells, which 
tliev liave the power of fixing to the outside of their tubuhir ea?cs, 
in order, probahly, to give them weiglit and strength. The individual 
figured in the annexed cut, which belongs to a species very abundant 

in Kngland, has covered its case with 
shells of a small PUinnrhis, In tlie samt' 
manner a large s|)eci<'s of caddis-worm 
which swarmed in tin? Eoccuie lakes of 
Auvergne was accustomed to attacli to 
its dwelling the slndls of a small spiral 
Larva of recent PhrtfRanca.^ uuivalve of the gcuus PaUuUmu A hun- 
dred of these minute sliells arc sometimes seen arranged around one 
tijhe, part of the central cavity of which is often errijity, the rest 
being filled up with thin concentric layers of travertin. The cases 
liavo been thrown together confusedly, and often lie, as in fig. 168., 
at right angles one to the other. Wlicn we consider that ten or 
twelve tulies are packed within the compass of a cubic inch, and that 
some single strata of this limestone are six feet tliiek, and may b<? 
traced over a considerahle area, we may form some idea of the count- 
less number of insects and mollu.sca which contributed their integu- 
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inonts and shells to compose this singularly constructed rock. It is 
unnecessary to suppose that the PhryganecB lived on the spots where 
their cases are now found ; they may have multiplied in the shallow 
near the margin of the lake, or in the streams by which it was fe<l, 
and their cases may have been drifted by a current far into the deep 
water. 


Fig. 16S. 




a^lnditsial limestone of Auvergne. b. Fossil Paludina, magnified. 


In the summer of 1837, when examining, in company with Dr. 
BtM*k, a small lake near Copenhagen, I had an opportiinity of wit- 
nessing a beautiful exemplification of the manner in which the 
tubulfir ca.ses of Auvergne were probably accumulated. This lake, 
calhid the Fuure-Soe, occurring in the interior of Seeland, is about 
twenty English miles in circumference, and in some parts 200 feet in 
depth. Hound the shallow borders an abundant crop cf weeds and 
rushes may be observed, covered with the indusiae of the Phrgganea 
grandis and other species, to wliich shells are attached. The plants 
which support them are the bulrush, Scirpus lacustris, and common 
reed, Arundo p/iragmites, but chiefly the former. In summer, espe- 
cially in the month of June, a violent gust of wind sometimes causes a 
current by which these plants are torn up by the roots, washed away, 
and floated off in long bands, more than a mile in length, into deep 
water. The Cypris swarms in the same lake; and calcareous springs 
alone are wanting to form extensive beds of indusial limestone, like 
those of Auvergne. 

4. Gypseous marls, — More than 50 feet of thinly laminated gyp- 
s('ous marls, exactly resembling tho.se in the hill of Montmartre, at 
Paris, are worked for gypsum at St. Koinain, on the right bank of 
the Allier. TJiey rest on a series of green cypridiferous marls 
which alternate with grit, the united thickness of this inferior group 
l)(*ing seen, in a vertical section on the banks of the river, to exceed 
250 feet. 

General arrangement y origin^ and age of the freshwater formations 
of Auvergne , — TJie relations of the ditferent grouj)S above described 
cannot be learnt by tlie study of any one section ; and the geologist 
who sets out with the expectation of finding a fixed order of succes- 
sion may perhaps twmplain that the diflerent parts of the basin give 
<*ontradictory results. The arenaceous division, the marls, and the 
limestone may all be seen in some places to alternate with each 
other ; yet it can by no means be affirmed that there is no order of 
arrangement. The sands, sandstone, and conglomerate constitute in 
general a littoral group ; the foliated white and green uiarls, a coii- 
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temporaneous central deposit ; and the limestone is for the most jrnrt 
sixbordinate to the newer portions of both. The uppermost marls 
and sands are more calcareous than the lower ; and we never meet 
with calcareous rocks covered by a considerable thickness of qunrf- 
zose sand or green marl. From the resein bianco of the limestones to 
the Italian travertins, we may conclude that they were derived from 
tlie waters of mineral springs, — such springs as even now exist in 
Auvergne, and wJiioli may be seen rising up through the graiiif<% 
and j)reeipi(ating travertin. They are sometimes thermal, but tin's 
eliaraetev is by no means constant. 

It seems that, when the ancient lake of theLimagne first began to 
bt* filled with sediment, uo volcanic action had yet produced lava and 
sc-ori® on any part of the surface of Auvergne. No pebbles, tliere- 
fore, of lava were transported Into the lake — no fragments of volcanic 
rocks embedded in the conglomerate. But at a later pdl*iod,when a 
considerable thickness of sandstone and marl had accumulated, erup- 
tions broke out, and lava and tuflP were deposited, at some spots, al- 
ternately with the lacustrine strata. It is not improbable I’lat cold 
and thermal springs, holding different mineral ingredients in solution, 
became more numerous during the successive convulsions attending 
this development of volcanic agency, and thus deposits of carbonate 
and sulphate of lime, silex, and other minerals were produced. 
Hence these minerals predominate in the uppermost strata. The 
>ubterranean movements may then have continued until they altered 
the relative levels of tlie country, and caused the waters of the lakes 
to he drained off, and the farther accumulation of regular fresliwater 
strata to cease. * 

We may easily conceive a similar series of events to give rise to 
analogous results in any modern btisiii, such as that of Lake Superior, 
for example, where numerous rivers and torrents arc carrying down 
the detritus of a cliain of mountains into the lake. The transported 
materials must be arranged according to their size and weiglit, tlie 
coarser near the shore, the liner at a greater distance from land; but 
in the gravelly and sandy beds of Lake Superior no pebbles of modem 
volcanic rocks can be included, since there are none of these at present 
in the district. If igneous action sliould break out in that country, 
and produce lava, scoriae, and thermal springs, the deposition of gravel, 
sand, and marl might still continue as before ; but, in addition, tliere 
would then be an intermixture of volcanic gravel and tuff, and of 
rocks precipitated from the waters of mineral springs. 

Although the freshwater strata of the Limagne approach generally 
to a horizontal position, the proofs of violent local disturbance are suf- 
ficiently numerous to allow us to suppose great changes of level 
since the lacustrine period. We are unable to assign a northern 
barrier to the ancient lake, altliougli we can still trace its limits to 
the east, west, and south, where they were formed of bold granite 
eminences. Nor need we be surprised at our inability to restore 
entirely the physical geography of the country after so great a series 
of volcanic eruptions ; for it is by no means improbable that one part 
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of it, the southern, for example may have been moved upwards 
bodily, while others remained at rest, or even suffered a movement 
of dc^pression. 

It is scarcely possible to determine the age of the oldest part of 
the freshwater series of the Limagi|e, large masses both of the sandy 
and marly strata being devoid of fossils. Some of the lowest l>eds 
may be of Upper Eocene date, although, according to M. Pome), 
only one bone of a Paleotherium has been discovered in Auvergne. 
Put ill Velay, in strata containing some species of fossil mammalia 
common to the Limaguc, no less than four species of Paleothere have 
been found by M. Aymard, and one of these is generally supposed to 
b(- identical with Paleotherium magnum^ an undoubted Upper Eocene 
fossil, of the Paris gypsum, the other three being peculiar. 

Not a few of the other mammalia of the Limagne made known to 
us by the Idbours of MM. Bouillet, Bravard, Croizet, Jobert, Laizer, 
Bobert, Aymard, and Pomel, belong undoubtedly to genera and 
species elsewhere proper to the Lower Miocene. Thus, for example, 
the Cainotherium of Bravard, a genus not far removed from ilie 
Anoplotherium, is represented by several species, one of which, as I 
learn from Mr. Waterhouse, agrees with Microtherium Renggeri of 
the Mayence basin. In like manner the Ampkiiragulus elegans of 
Pomel, an Auvergne fossil, is identified by Waterhouse with Dorca- 
therium nanum of Kaup, a Rhenish species from Weissenau, near 
Mayence. A small species also of rodent, of the genus Titanomys of 
II. von Meyer, is common to the Lower Miocene of Mayence and 
the Limagne d’ Auvergne, and there are many other points of agree- 
ment which the discordance of nomenclature tends to conceal. A 
remarkable carnivorous genus, the Hyaenodon of Laizer, is repre- 
sented by more than one species. The sjime genus has also been 
found in the Upper Eocene marls of Hordwell Cliff, Hampshire, just 
below the level of the Bernbridge Limestone, and therefore a forma- 
tion older than the Gypsum of Paris. Several species of opossum 
{Didelphis) are met with in the same strata of the Limagne. The 
association of such genera as Dinoiherium^ Tapir^ Anikracotheriumy 
and Rhinoceros with those above mentioned, helps to connect the 
Auvergne fauna with the Upper Miocene, but the species are differ- 
ent from those of the neighbouring faluns of the Loire, or those of 
Sansan, in the South of France. Nor do the Upper Miocene species 
appear, so far as we yet know, in the overlying volcanic formations 
of Auvergne, where the quadrupeds hitherto discovered belong 
cither to the older or newer Pliocene periods. 

The total number of mammalia enumerated by M. Pomel as apper- 
taining to the Lower Miocene fauna of the Limagne and Velay, falls 
little short of a hundred, and with them are associated some large 
crocodiles and tortoises, and some Ophidian and Batrachian reptiles. 

Cantal, — A freshwater formation, already alluded to, of about the 
same ago and very analogous to that of Auvergne, is situated in 
the Department of Haute Loirb, near the town of Le Puy, in 
V 61 ay ; and another occurs near Aurillac, in Cantal. The leading 
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feature of the formation last mentioned, as distinguished from those 
of Auvergne and Velay, is the immense abundance of eilex associated 
with calcareous marls and limestone. 

The whole series may bo separated into two divisions ; the lower, 
composed of gravel, sand, and clay, such as might have been derived 
from the wearing down and decomposition of the granitic schists of* 
the surrounding country ; the upper system, consisting of siliceous 
and calcareous marls, contains subordinately gypsum, silex, and 
limestone. 

The resemblance of tlie freshwater limestone of the Cantal, and 
its accompanying flint, to the upper chalk of England, is very in- 
structive, and well calculated to put the student upon his guard 
against relying too implicitly on mineral character alone as a safe 
criterion of relative age. 

When we approach Aurillac from the west, we pass over groat 
heathy plains, where the sterile mica-schist is barely covered 
with vegetation. Near Ytrac, and between La-Capelle and Vis- 
camp, the surface is strewed over with loose broken Hints, ftome of 
them black in the interior, but with a white external coating ; others 
stained with tints of yellow and red, and in appearance precisely 
like the flint gravel of our chalk districts. When heaps of this 
gravel liave thus announced our approach to a new formation, wo 
arrive at length at the escarpment of the lacustrine beds. At the 
bottom of the hill which rises before us, we sec strata of clay and 
sand, resting on mica-scliist ; and above, in the quarries of llelbet, 
Lcybros, and Bruel, a white limestone, in horizontal strata, the sur- 
face of wliicli has been hollowed out into irregular furrows, since 
filled up with broken flint, marl, and dark vegetable mould. Jii 
these cavities we recognize an exact counterpart to those which are 
so numerous on the furrowed surface of our own white chalk. Ad- 
vancing from these quarries along a road made of the white lime- 
stone, which reflects as glaring a light in the sun as do our roads 
composed of chalk, we reach, at length, in the neighbourhood of 
Aurillac, hills of limestone and calcareous marl, in horizontal strata, 
separated in some places by regular layers of flint in no<lules, the 
coating of each nodule being of an opaque white colour, like the 
exterior of the flinty nodules of our chalk. 

Tlie abundant supply both of siliceous, calcareous, aud gypseous 
matter, which the ancient lakes of France received, may have been 
connected with the subterranean volcanic agency of which those 
regions were so long the theatre, and winch may have impregnated 
the springs with mineral matter, even before the great outbreak of 
lava. It is well known that the hot springs of Iceland, and many 
other countries, contain silex in solution ; and .it has been lately 
affirmed, that steam at a high pressure is capable of dissolving 
quartzosc rocks without the aid of any alkaline or other flux.* 
Warm water charged with siliceous matter would immediately part 


* See Proceedings of Royal Soc., No. 44. p. 233. 
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with a portion of its silex, if its temperature was lowered by mixing 
with the cooler waters of a lake* 

A hasty observation of the white limestone and flint of Aurillac 
might convey the idea that the rock was of the same age as the 
white chalk of Europe ; but when we turn from the mineral aspect 
and composition to tlie organic remains, we find in the flints ot the 
Cantal seed-vessels of the freshwater Chara^ instead of the marine 
zoophytes so abundant in chalk flints; and in the limestone we meet 
with shells of Limnea, PlanorbiSj and other lacustrine genera. 

Proofs of gradual deposition . — Some sections of the foliated 
marls in the valley of the Cer, near Aurillac, attest, in the most un- 
('(|uivocal manner, the extreme slowness with which the materials 
of the lacustrine series were amassed. In the hill of Barrat, for 
example, we find an assemblage of calcareous and siliceous marls, 
in which, for a depth of at least 60 feet, the layers are so thin, that 
thirty are sometimes contained in the thickness of an inch ; and 
when they are separated, we see preserved in every one of them the 
tiattened stems of ChartB, or other plants, or sometimes myriads of 
small Paludinoi and other freshwater shells. These minute foliations 
of the marl resemble precisely some of the recent laminated beds of 
the Scotch marl lakes, and may be compared to the pages of a book, 
each containing a history of a certain period of the past. The 
different layers may be grouped together in beds from a foot to a 
foot and a lialf in thickness, which are distinguished by differences 
of composition and colour, the tints being white, green, and brown. 
(Occasionally there is a parting layer of pure flint, or of black car- 
bonaceous vegetable matter, about an inch thick, or of white pul- 
verulent marl. We find several hills in the neighbourhood of 
Aurillac composed of such materials, for the height of more than 
!^00 feet from their base, the whole sometimes covered by rocky 
<‘uiTents of trachytic or biistiltic lava.* 

Thus wonderfully minute are the separate parts of which some of 
the most massive geological monuments are made up ! When we 
desire to classify, it is necessary, to contemplate entire groups of 
strata in the aggregate ; but if we wish to understand the mode of 
their formation, and to explain their origin, we must think only of 
the minute subdivisions of which each mass is composed. We must 
bear in mind how many thin leafliko seams of matter, each con- 
taining the remains of myriads of testacea and plants, frequently 
enter into the composition of a single stratum, and how vast a suc- 
cession of these strata unite to form a single group ! We must 
remember, also, that piles of volcanic matter, like the Plomb du 
Cantal, which rises in the immediate neighbourhood of Aurillac, are 
themselves equally* the result of successive accumulation, consisting 
of reiterated sheets of lava, showers of scorije, and ejected fragments 
of rock. Lastly, we must not forget that continents and mountain- 

• 

* Lyell and Murchison, Sur les Depots Lacustres Tcriiaires du Cantal, &c. 
Ann. tics Sci. Nat., Oct. 1829. 
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chains, colossal as are their dimensions, are nothing more than an 
assemblage of many such igneous and aqueous groups, formed in 
succession during an indefinite lapse of ages, and superimposed upon 
each other, 

Miocene strata of Rordeaux and South of France , — A great ex- 
tent of country between the Pyrenees and the Gironde is overspread 
by tertiary deposits of various ages and chiefly ol Miocene date. 
M, Tournouer, in an able memoir on these formations has shown 
that there is a remarkable continuity in the succession ot strata, the 
uppermost being somewhat newer than the faluns oi Touraine and 
the lowest somewhat older than the Fontainebleau sandstone already 
nUiidcd to. In the highest group, that of Salles, in which I’u/utu 
Lamberti and Cardttft Jouanneti occur, there are many fo^siJs 
common to the Pliocene or Subapennine strata. Next Ixdow thcM* 
are tlie faluns proper of llordeaux, which include the faluns of 
Sauciits and Leognaii and those of Dax in the adjoining basin of th<‘ 
Adour. These formations, which contain among other shells Pecten 
Burdigalensis and Ancillaria glandi/ormis, coincide in age with the 
iiiluns of Touraine ; but so many of the species are peculiar to the 
south as to imply that there was a separation by a considerable tract 
of land between the basins of the Loire and G ironde. 

Strata which may be referred to the Lower Miocene come next 
in the descending order, comprising those of M<hignac and Baza^, 
the first brackish and the latter of marine origin. In this fiuvio- 
mariiie series, Cerithium pUcettum (fig. 173. p. 238.), C. rnargari- 
taceum^ C, Brongniarti, &c., and in the marine beds Pgruln Lainei 
occur. The greater part of this series is considered by M. Tour- 
nouer to correspond in age with the freshwater limestone of La 
Beauce in the basins of the Loire and Seine. 

Still lower is the Asterias limestone, which with its overlying 
marls is about 300 feet in thickness, in which Cerittiium plicatinn 
and C. margaritaceum are again met with, together with Natica 
crassatina and other shells characteristic of the Etampes and Fon- 
tainebleau sands before mentioned. In these lower strata are many 
species common to the Parisian Eocene system, to the Calcaire 
Grossier for example, and even beds still lower. There are also 
several species of nummulites in the Asterias limestone, and their 
presence marks a difference in the character of the Lower Miocene 
of the South of Europe, ns contrasted with that of the north. 
These and other indications of a passage from an older to a newer 
group, is just what we might expect in proportion as our series of 
monuments begins to be more and more complete. According to 
M. ToUrnouer, the Lower Miocene shells identifiable with Eocene 
species are always varieties of the same — an important fact as bearing 
on theories of the origin of species. Below the whole of these 
formations lies a true Eocene limestone called the Calcaire de Blaye, 
of the age of the Calcaire Grossier of the Paris basin. In order to 
explain the succession of beds in the basin of the Gironde, several 

* Bulletin Soc. Geol. de France, tome xviii., 1S61-2, p. 1030. 
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oscillations of level are nece^aiy. The same wide area was alter- 
nately converted into sea and land and into brackish-water lagoons, 
and finally into freshwater ponds and lakes. 

Upper Miocene strata of Gers. — Among the freshwater strata 
last alluded to near the base of the Pyrenees, are many of Upper 
Miocene age, from which bones of the Dinotherium giganteum and 
entire skeletons of the Mastodon angustidens have been obtained by 
M. Lartet. In one of these deposits that eminent comparative ana- 
tomist discovered, in 1837, the first remains of qiiadrumana which 
had been detected in Europe. They were associated with the qua- 
drupeds above mentioned in beds of freshwater marl, limestone, and 
sand near Audi, in the Department of Gers, about forty miles west 
of Toulouse. They were referred by MM. Lartet and Blaiii ville -to 
a genus closely allied to the Gibbon, to which they gave the name 
of PUopithecus, More recently (1856) M. Lartet described another 
species of the same family of long-armed apes {Hylobates)^ which he 
obtained from strata of the same age at Saint-Gaudens, in the Haute 
(xaroiine. The fossil remains of this animal consisted of a portion 
of a lower jaw with teeth and the shaft of a humerus. It is supposed 
to have been a tree-climbing frugivorous ape, equalling Man in 
stature. As the trunks of oaks are common in the lignite beds in 
wliicli it lay, it has received the generic name of Dryopithecus. The 
angle formed by the ascending ramus of the jaw and the alveolar 
l)onler is less open, and therefore more like the human subject than 
in the Cliiui])auzee, and, what is still more remarkable, the fossil, a 
}oung but adult individual, had all its milk teeth replaced by the 
second set, while its last true molar (or wisdom tooth) was still un- 
developed, or only existed as a germ in the jaw-bone. In the mode, 
therefore, of the succession of its teeth (which, as in all the Old 
Woi’ld apes, exactly agree in number with those in Man) it differed 
ironi the Gorilla and Chimpanzee and corresponded with the human 
species. 

This peculiarity in its dentition, however, it shared, as M. Lartet 
reminds us, with one of the living Gibbons called the Siamang. It 
is only one of several characters, such as the more globular form of 
the cranium and the smaller size of the canine teeth of the lower 
jaw, in which the Gibbons approach Man iu their structure more 
nearly than do any other of the tailless apes. There is an analogy 
between such points of agreement and the fact that Man and the Orang 
{Pithecus) have each twelve pair of ribs, whereas the Gorilla and 
Chimpanzee ( Troglodytes)^ notwithstanding that in the aggregate of 
their characters they approach nearer to the human type than the 
Orang, have each thirteen pair. A still more curious analogy is af- 
forded by some of^the platyrrhine monkeys of South AuKTica, which, 
although they differ from all the Old World quadrumana and from 
Mail in having four supernumerary molars, yet are not only less 
prognathous than the catarrhine monkeys, but have the cerebellum 
more decidedly overlapped by £he posterior lobe of the cerebrum 
than the Old World apes. Yet the brains of the latter are, on the 
whole, much more akin to the human iu their anatomical structure. 
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BELGIAN AND BRITISH MIOCENE FORMATIONS. 

UpperMiocene near Antwerp, — Edeghem beds , — Thebliick or Glau- 
coniferous Cra«r of Antwerp was mentioned at pBge 206. as bearing a 
considerable affinity to that of Suffolk, about two-thirds of the 65 
shells obtained from it being common to the Suffolk Coralline Crag, 
and somewhat less than half of the whole being of living siM*cie8. 

About the year 1862, an important discovery was made at 
Edeghem, in the environs of Antwerp, of another deposit somewhat 
older than the Black Crag. In excavating for brick earth, they came 
upon a bed of argillaceous sand, in which no less than 152 fossils 
were found, comprising 145 mollusca and echinodenns, and soiikj 
zooj)liytes, especially a large species of FlaheUum, All these' have 
boon examined and tabulated by N, Nyst, and carefully compared 
with the fossils of other Miocene and Pliocene deposits of Eiiroj)e.* 
These Edeghem beds, which repose on Lower IMioceiie clay, tin? 

•• Uiipelian” of Dumont, are most nearly related by their fossiK*^ the 
Filack Crag above alluded to, but they betray many indications of 
greater antiquity. Fifty-eight of the species are new to the Ihdgian 
tertiaries, and of these 14 only, or about 25 per cent., are recent. Of 
the whole 145 Edeghem shells, 52 are considered by Nyst as living 
species, besides 5 others, which are probably identical witli the liv- 
ing, making, if all are accepted, a proportion of 39 ])er cent, wliich 
is decidedly smaller than that observed in the Antwerp Bhick C^rag 
(see above, p. 206.). A still more significant indication of the con- 
nect ion of the Edeghem sands with an older or Miocene period is 
afforded, first, by the fact that no less than 83 of the 145 mollusca 
are falunian, as shown by M. Kyst’s tcables, or, in other words, a j)ro- 
portion of 56 percent, are specifically identical with shells occurring 
in the Upper Miocene beds of North Germany, Touraine, the Vienna 
l)asin, the Bordeaux faluns, and other localities unquestionably of 
Upper Miocene date ; secondly, wb.at is perhaps even more in favour 
of their antiquity, there occur in them shells of the genera Co/zf/s, 
Ancillaria^ and Oliva, all of which are not only wanting in the Bed 
and Coralline Crag of Suffolk, and in the Upper and Middle Crags 
of Antwerp, but are also absent from the lowest or Black Crag of 
Antwerp. These same genera are also met with in the strata of the 
Bolderberg in Belgium, a true Upper Miocene formation, the fauna 
of which recedes still farther from that now existing in the propor- 
tion of its shells of living species. 

Upper Miocene (?) of Belgium and England, — Diest Samis, 

M. Nyst is of opinion that the formation called by Dumont the 
Dicstian is of the same age as the sands of Edeghem — a conclusion 
which is probably well founded. These ferruginous sands and sand- 
stones of Dicst are well §een near the town of that name, about 
thirty miles north-east of Brussels. They abound in green grains, 
resembling in mineral character the ferruginous beds of the Lower 

* Nyst, Bulletin Acad. Roj., Bruselles, 1862 . 
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Greensand in the south-east of England, The strata contain but a 
small number of fossils, the Terebratula grandis being one of the few 
which are well preserved. The Diest sands are conspicuous as form- 
ing the cappings of hills stretching from Diest bj Louvain and west- 
ward by Oudenarde to Cassel in French Flanders, where they are seen 
at the summit of a hill t515 feet high. After having been thus traced 
for a hundred miles from east to west, they are again seen retaining 
the same mineral character for another hundred miles in a similar 
westward direction, first capping the Downs near Folkestone, and 
then appearing at various points, such as Paddlesworth, Lenham 
near Maidstone, and Vigo Hill near Otford in Kent. 

The geological position of the 3 e iron sands in England was first 
made out by Mr. Prestwich, who, in a paper read to the Geological 
Society of Lon<lon in 18^7, described them as being possibly older 
than the Coralline Crag, and as occurring on the summit of the 
North Downs at various points between Folkestone and Dorking. 
He mentioned their resemblance to the sands at Diest in Belgium, 
and tliat tlicy contained the Terebratula grandis^ and casts of Astarte 
pyruln^ Kmargimtla, and other fossils, all common to the British 
Crag. After the publication of Mr. Prestwich’s paper, I visited with 
liirn the principal localities in Kent to Avhich he had called attention, 
and saw the ferruginous sands, twenty feet thick, resting on the chalk 
near the edge of the escarpment, about a mile N.E. of Folkestone, 
and again at Paddlesworth, on the summit of the Downs, four miles 
W.N.W. of Folkestone, where the sands are about forty feet thick, and 
where they occur at an elevation of about o0() feet above the sea. 
At Lenham, ten miles east of Maidstone, fragments of the more con- 
solidated ferruginous layers, full of casts of marine shells and other 
ff)ssils, are preserved in vertical sandpipes, which penetrate the 
white chalk. Here I saw organic remains, reminding me of those 
which I had seen in 1850 at Kesscloo, near Louvain, in the “ Diest. 
Sands,” which there overlie the Limburg or Lower Miocene beds.* 
The evidence, both in Belgium and in Kent, being derived from 
casts, consists mainly in the correspondence of genera ; but some of 
tlie species, such as the large Terebratula and a Turbinolia, seem 
identical. 

We cannot determine at present, in consequence of the dearth of * 
fossils in the Diest sands, their exact relation to the Edeghem beds, 
or whether they may be intermediate between the Edegliem and 
Bolderberg stratii, but we may at least afHrm that the only Britisii 
strata at present known which can have any claim to be regarded as 
Upper Miocene are the ferruginous sands ojf the North Downs here 
alluded to. 

Upper Miocene* of the Bolderberg in Belgium , — In a small hill or 
ridge- called the Bolderberg, which I visited in 1851, situated near 
Ilasselt, about forty miles E.N.E. of Brussels, strata of sand and 
gravel occur, to which M. Dumont first called attention as appearing 


See A Memoir by V. Raulin, 1848 : Bordeaux. 
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to constitute a northern representative of the faluns of Touraine. 
On the whole, they are very distinct in their fossils from tiio two 
upper divisions of the Antwerp Crag before 
Fig. 1C9. mentioned, and contain shells of the genera 

» OHvay Conus^ Ancillariay Pleurotoma^ and Can* 
cellaria in abundance. The most common shell 
is an Olive (see lig. 169.), called by Nyst Oiira 
Dufresnii, Bvst.; and constituting as M. Bosquet 
observes, a smaller and shorter variety of the 
Bordeaux species.* 

Boi- The Upper Miocene strata in the Bohlerbcrg 
occur lit the hciglit of about 2(X) feet above 
the level of the sea. They are covered by liie 
Diestian sands and iron sandstone already described, and they repose 
on Lower Aliocene beds called liupelian by Dumont. So far as the 
shells are known, the proportion of recent species agrees with that 
ill the faluns of Touraine, and the climate must have been wu*nier 
than that of the Coralline Crag of England. 

In none of the Belgian Lower Miocene strata could I find any 
nuinmulites ; and M. d’Archiac had previously observed that tliesi; 
foraininiferacharacterize his “ LoAver Tertiary Series,” as contrasted 
with tlie Middle, and may therefore serve as a good test of ag(», in 
Jlie North of Europe at least, between Eocene and Miocene. The 
same naturalist informs us that one nummulite only has ever yet 
been seen to penetrate upwards into the middle tertiary, viz., Num- 
inulites intermedia^ an Eocene species. It has been found in the hill 
of the Superga, near Turin, in Miocene beds, somewhat older than 
the falunian type (see above, p. 207.). 

North Germany , — We learn from tlie able treatise published hy 
M. Beyrich, in 18o3, that the same fossil fauna, whicli is so meagrely 
exhibited in the Bolderberg, is rich in species in other localities in 
North Germany, as in Mecklenburg, Luueburg, the Island Sylt, and 
at Berscnbriick, north of Osnabriick, in Westplialia, where it was 
first observed by F. Rdmcr.f 

Lower Miocene^ Belgium . — It was stated that the Bolderberg lieds 
rest on the Rupelian ot Dumont, a Lower Miocene formation best seen 
•at the villages of Rupelmonde and Boom, ten miles south of Antwerp, 
on the banks of the Scheldt and near the junction with it of a small 
stream called the Rupel. A stiff clay abounding in fossils is exten- 
sively worked at the above localities for making tiles. It attains a 
thickness of about 100 feet, and, though very different in age, much 
resembles in mineral character the “ London Clay,” containing, like 
it, septaria or concretions of argillaceous limestone traversed by 
cracks in the interior, which are filled with calc-spar. The shells, 
referable to about forty species, have been described by MM. Nyst 
and De Koninck. Among them Leda (or Nucula) Deshayesiana (see 



• Lyell on Belgian Tertiaries, Quart. Ba’dtcrot of the Bordeaux fossil. 

Geol. Juurn., 1S52, p. 295. Nyst’s rigure f Beyrich, Die Concliylien di*r Nord- 
scems to bo copied Iroin that given by deutscheii Tertiargcbirgo: Berlin, 1853. 
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fig. 170 .) is bj far the most abundant ; a fossil unknown as yet in 
the English tertiary strata, but when young much resembling Leda 

Fi(. no. 




Leda Deehatfestana, Nyst. Sjrn. Sucuia Deskat/esMua. 

amygdaloides of the London clay proper (see fig. 256. p. 291.)- 
Among other characteristic shells are Peclen Iloeninghfiusii, and a 
species of Cassidaria, and several of the genus Pleurotoma, Not a 
few of these testacea agree with English Eocene species, such ns 
Act(eon sitnulafMS, Sow,, Cancellaria evulsa, Brander, Corbuht 
pisum (fig. 171.), and Nautilus {Aluria) ziczac. They are accom- 
panied by many teeth of sharks, as L,amna coniortidens^ 
Oxyrhina xiphodon, Ag., Carcharodon heterodon (see fig. 240.), 
Ag., and other fish, some of them common to the Middle Eocene 
strata. 

Ritpelian Clay of Hermsdorf near Berlin. — Professor Beyrich 
has described a mass of clay, used for making tiles, within seven 
miles of the gates of Berlin, near the village of Hermsdorf, rising up 
from beneath the sands with which that country is chiefly over- 
spread. This clay is more than forty feet thick, of a dark blueish- 
grey colour, and, like that of Rupelmonde, contains septaria. Among 
other shells, the L^da Deshayesiana before mentioned (fig. 170.) 
abounds, together with many species of Pleurotoma, Voluta, &c., a 
certain proportion of the fossils being identical in species with those 
of Rupelmonde. The succession of the Lower Miocene strata of 
Belgium can be best studied in the environs of Kleyn Spawen, a 
village situated about seven miles west of Maestricht, in the old 
])rovince of Limburg in Belgium. In that region, about 200 species 
of testacea, marine and freshwater, have been obtained, with many 
foraminifera and remains of fish. 

The following table will show the position of these Belgian or 
Limburg beds : — 


Upfer Miocene. 

A. Bolderbcrg beds, see p. 233., seen near Husselt. 

Lower Miocene. 

B. 1. Nucula Loam of Kleyn Spawen, same 1 Upper Limburg beds. — Rnpclinn of 
age as the^ clay of Rupelmonde |> UumoiiC. 
and Boom. J 

B. 2. Fluvio-mnrine beds of Bergh, Lethen, ? Middle Limburg beds. — Upper Ton- 
and other places near Kleyn Spawen. 3 grian of Duinoiit. 

B. 3. Marine green sand of Bergh, ^Neere- \ Lower Limburg beds. — Lower Ton - 
pen, &e., and Tongres, near Kleyn I grian of Dumont. 

Spawen. J 



236 LOWER MIOCENE OP BELGIUM. [Ch. XIV. 

Upper Eocene. 

C. Calcareous sandy beds of LaektMi, near Brussels, with nuinmiilites, &e., of 
same age as the *• Sables 31oyeiis*’ of the Paris basin and ilic Barton chiy 
of Hampshire. 

The uppermost of the three subdivisions (B. l.)into which the 
Lower Miocene or Limburg series is separated in the above table, 
contains at Kleyn Spawen many of the same fossils as the clay, above 
mentioned, of Rupelmonde and Boom, places sixty miles N.W. of 
Kleyn Spawen. 

The lower, or Tongrian divisions, B. 2. and B. 3., are much bettor 
developed at Kleyn Spawen than B. 1. The lirst of tliese, B. 2., con- 
sists. of several alternations of sands and marls, in which a greater 
or less intermixture of fluviatile and marine sliclls occurs, implying 
the occasional entrance of a river netir the spot, and possibly oscilla- 
tions in the level of the bottom of the sea. Ainong the shells are 
found Cyrena semistriata (fig. 172.), Cerithinm plicatam^ Li'n. 
(fig. 173.), Bissoa C/tastelii, Bosq. (fig. 17o.), and Corhuln pisnm 
(fig. 171. shells all common to the ITcmpstead or British Lower 
Miocene beds of the Isle of Wight, to be mentioned in the sequel. 
With the above, Lncina Thierensii^ and other marine forms of tlie 
genera l^cnus, Limopsis, Trochus^ he., arc met with. 

In B. 3., or the Lower Tongrian, more than 100 marine shells have 
been collected, among which the Ostrea ventUnbrnm is very conspi- 
cuous. 8j)ecies common to the underlying Brussels sands, or the 
Upper Eocene, are numerous, constituting a third of the whole ; but 
most of these are feebly represented in comparison with the more 
peculifir and characteristic shells, .such as Ostrea venillahriim. My-- 
tilus Nystii, Voluta suturalis, &c. 

Whether this Lower Tongrian should be classed as the lowest 
member of the Miocene series, or as the uppermost of the Eocene, 
or, in other words, as the marine equivalent of the freshwater 
g\ psum of Paris, is a question not yet decided. I incline at pre'^eiit 
to the belief that it is somewhat newer than the Paris gypsum, hut 
certainly near the boundary line which separates the two systems. 
liB relation to the Upper Eocene deposits of England or the Isle 
of* Wight will be more fully discussed in the sixteenth chapter, 
p. 27d. 

In none of the Belgian Lower Miocene strata could I find any 
numrnulites ; and M. d’Archiac had previously observed that tliese 
forarninifera characterize his “ Lower Tertiary Series,” as contrasted 
with the Middle, and they therefore serve as a good test of ag(* be- 
tween Eocene and Miocene, at least in Belgium and the North of 
Prance.* 

lietween the Bolderberg beds and the Rupelian clay there is a 
great chasm in Belgium, which seems, according to M. Bcyrich, to 
be filled up in the North of Germany by wliat lie calls the Stern - 


D*Archiac, Monogr., pp. 79. 100. 
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berg beds, and which, had Dumont found them in Belgium, he 
might probablj have termed Upper liupelian. 


LOWER MIOCENE STRATA OF ENGLAND. 

Hempstead beds, Isle of Wight . — We have already seen that the 
Upper Miocene period is meagrely and somewhat questionably re- 
j)n*6cnted in England by certain ferruginous sands on the Nortli 
Downs, of the ago of the Diestiaii beds of Belgium. The Lower 
l^Iiocene period is more decidedly represented by certain strata in 
the Isle of Wight, the true age of which was not recognized until 
the year 1852, when the late Edward Forbes observed* that there 
was a series of tertiary strata near Yarmouth newer than those of 
Binstead and Bembridge. These last are the undoubted equivalents 
of the Paris gypsum, being characterized by the same species of Pa- 
leotherinm, Anoplotherium, &c., as those described by Cuvier from 
Montmartre. The Lower Miocene deposits alluded to are 170 feet 
in thickness and rich in fossils, and have been called the Hempstead 
series, from a hill of that name on the coast near Yarmouth.f The 
following is the succession of the strata : — 


SUBDIVISIONS OP THE HEMPSTEAD SERIES. 

1. The uppermost or Corbiila beds, consisting of marine sands and clays, contain 
Voluta liathieri, a characteristic Lower Miocene shell, Corbula pisum. lig. 171.. 
a species common to the Upper Eocene clay of Barton ; Cyrena semit^triaiu, 
fig. 172., several Ceritliia, and other shells peculiar to this series. 



2. Next below are freshwater and estuary marls and carbonaceous clays, in the 

brackish- water portion of which are found abundantly Cerithium plicatum, Lam., 
fig. 173., C. elcgans, fig. 174., and C. triewetum; oXsoRissua fig. 17;).. 

a very common KIcyn Spawen shell, and which occurs in each of the four sub- 
divisions of the Hempstead scries down to its base, where it passes into the 
liembridge beds. In the freshwater portion of the same beds Paludina lenta, 
iig. 176., occurs, a shell identified by some concholngists with a species now 
living, P. unicolor; also several species of Lymneus^ Planorbis^ and Unio. 

3. The next series, or middle freshwater and estuary marls, arc distinguished 
by the presence of Meluuia fasciaVt. Paludina lenta^ and clays with Cypris ; 
the lowest bed contains Cyrena setnistriaia, fig. 172., mingled with Ctrithia and 
a Pauop(va. * 

4. The lower freshwater and estuary marls contain Melania co<«/afa. Sow., 
Melanopsisy &c. The bottom bed is carbonaceous, and called the “ Black band,” 

* E. Forbes, Gcol. Quart. Jout^i., with Hampstead Hill, near London, 
18.53. whore llio Lower E..ccne or Lcuniou 

t This hill must not be confounded Clay is capped by Middle Eocene sands. 
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in which JRissoa Chnstelii^ fig, 175., before alluded to, is coninioii. This bed 
contains a mixture of Hempstead shells with those of the underlying Upper 
Eocene or Bembridge series. The mammalia, among which is Hyopotamus 


Fijf. J73 



Ccnihtufn pheatum^ 
Ltim. Hempstead. 


Fig. 174. 



Ct'rithnvn fte^ans, 
Hempstead. 


Fig. I7.'i. 



Btssaa Chant elu\ Nyst, 
Sl^. Hc^mpstead, Isle 
of Wight. 


Fig. 17G. 



Palwtina Imta, 
Hempstead Ded. 


i'ovinusn differ, so far as they are known, from those of the Bembridge beds. 
Among the plants. Professor ILer has recognized four species common to the 
lignite of Bovey Tracey, a Lower Miocene formation presently to be described : 
namely, Sequoia Couttsite, Heer; Andromeda reticulata, Etting ; Nymjduva Doris, 
Heer ; and Carpolithes Websteri, Brong.* The seed-vessels of Chara medi~ 
enyinuht, Brong., and C. hekcleres are characteristic of the Hempstead beds 
generally. 


The Hijopatnmvs belongs to the hog tribe, or the same family as 
the Anthraeotheriurn.of wliich seven species, varying in size from the 
l.ippopotamus to the wild boar, have been found in Italy and other 
])arts of Europe associated with the lignites of the Lower ^Miocene 
period. 

Lignites and Clays of Bovey Tracey^ Devonshire. — Surroundt*d by 
the orranite and other rocks of the Dartmoor hills in Devoiisliire, is 
a formation of clfiy, sand, and lignite, long known to geologists as 
the Bovey Coal formation, respecting the age of which, until 
the year 1861, opinions were very un.settled. This deposit is 
situated at Bovey Tracey, a village distant eleven miles from Exeter 
in a south-west, and about as far from Torquay in a north-west 
direction. The strata extend over a plain nine miles long, and 
they consist of the materials of decomposed and worn-down granite 
and vegetable matter, and have evidently filled up an ancient 
hollow or lake-like expansion of the valleys of the Bovey and 
Teign- 

The lignite is of bad quality for economical purposes, as there is 
a great admixture in it of iron pyrites, and it emits a sulphurous 
odour, but it has been successfully applied to the baking of pottery, 
for wiiich some of the fine clays are well adapted. Mr. Pcngelly 
has confirmed Sir H. De la Bcche’s opinion that much of the upper 

* Pcngelly, preface to The Lignite Formation of Bovey Tracey, p. xvii : London, 
18C3. 
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portion of this old lacustrine formation has been removed by 
denudation.* 

At the surface is a dense covering of clay and gravel with angular 
stones probably of the Post-pliocene period, for in the clay are three 
s[)ccies of willow and the dwarf birch, Betula nana^ indicating a 
climate colder than thtt.of Devonshire at the present day. 

Below this are Lower Miocene strata about 300 feet in thickness, in 
the upper part of which areftwenty-six beds of lignite, clay, and sand, 
and at their base a ferruginous quartzose sand, varying in thickness 
from two to twenty-seven feet. Bcdow this sand are forty-five beds 
of alternating lignite and clay. No shells or bones of mammalia, and 
no insect with the exception of one fragment of a beetle {Buprestis) ; 
in a word, no organic remains except plants have as yet b^en 
found. These plants occur in fourteen of the beds, namely, in 
two of the clays, and the rest in the lignites. One of the beds is a 
perfect mat of the debris of a coniferous tree, called by Heer Sequoia 
CouttsicBj intermixed with leaves of ferns. The same Sequoia 
is spread through all parts of the formation, its cones, and seeds, 
and branches of every age being preserved. It is a species supplying 
a link between S. Langsdorjii (see figs. 201, 202. p. 260, 261.) and ^S'. 
Sternhergi^ the widely spread fossil representatives of the two living 
trees S. sempervirens and 5. gigantea (or Wellingtonia), both con- 
fined ill the living creation to California. Another bed is full of 
the large rhizomes of ferns, while two others are rich in dicotyle- 
donous leaves. In all Professor Heer enumerates forty-nine species 
of plants, twenty of which are common to the Miocene bed of the 
Cnntinent, a majority of them being characteristic of the Lo\ver 
Miocene. The new species, also of Bovey, are allied to plants of 
the older Miocene deposits of Switzerland, Germany, and other 
continental countries. The grape-stones of two species of vine occur 
in the clays, and the leaves of three species of fig, seeds also sup- 
posed to belong to three new species of Nyssa, or Tupelo tree, a 
geuus now common in the swamps of South Carolina and Florida, 
two species of Annona, and a new water-lily. The oak and laurel 
have supplied many leaves. Of the triple-nerved laurels three or 
four are referred to Cinnamomum. There is a palm also, of which 
t lie genus is not determined. Among the JProteacese are mentioned 
Dryandroides Hakecefolia (fig. 198.), D. and another. 

Among the ferns is the well-known continental fossil Lastraa 
stiriaca (fig. 203, p. 261.), displaying at Bovey as in Switzerland its 
fructification. 

The croziers of some of the young ferns are very, perfect, and 
were at first mistaken by collectors for shells of the genus Planorbis, 
On the whole, tjie vegetation of Bovey implies the existence in 
Devonshire, in the Lower Miocene period, of a sub-tropical climate. 

Scotland, — Isle of ATa//.-— In the sea-clifis forming the head- 
land of Ardtun, on the west coast of Mull, in the Hebrides, several 


• Fhil. Trans., 1863. Paper by W. Pcngclly, F.R.S., and Dr. Oswald Uccr. 
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baiuis of tertiary strata containing leaves of (lieoiyle<lonous plants 
were discovered in ISol by the Dnke of Argyh*.* From his de- 
scription it appears that there are three leaf-beds, varying in thick- 
ness from to 24 feet, which are iiiterstratitied with volcanic tiitf 
and trap, the whole mass being about 130 feet in thickness. A 
sheet of basalt 40 feet thick covers the whole^; and another columnar 
bed of the same rock, 10 feet thick, is exposed at the bottom of the 
cliff. One of the leaf-beds consists of # compressed mass of leaves 
unaccompanied by any stems, as if they had been blown into a 
marsh where a species of Equisetum grew, of which the remains are 
plentifully embedded in clay. 

It is supposed by the Duke of Argyle that this formation was 
accumulated in a shallow lake or marsh in the neighbourhood of u 
volcano, which emitted showers of ashes and streams ol‘ lava. The 
tufaceous envelope of the fossils may have fallen into the lake from 
the air as volcanic dust, or have been washed down into it as mud 
from tin? adjoining land. Even without the aid of organ n*mains 
we might have decided that the deposit was newer than the clialk, 
for chalk fhiifs containing cretaceous fossils were detected by the 
Duke ill the ])rincipal mass of volcanic ashes or tuff.f 

The lute Edward Forbes observed that some of the plants of this 
formation resembled those of Croatia, described by Unger, and his 
opinion has been confirmed by Professor lleer, who found that tin* 
conifer most prevalent was the Sequoia Laugsdorjii (figs. 201, 202.), 
aUo Cnrylns grosse-denlatay a Lower Miocene species of Switzerland 
and of Menat in Auvergne. There is likewise a plane tree, the 
kiives of which seem to agree with those of Platanus aceroides (fig. 
187. p. 252.), and a fern which is as yet peculiar to Mull, Filicites 
h eh rid tca^ Forbes. 

These interesting discoveries in Mull naturally raise the ques- 
tion, whether the basalt of Antrim in Ireland, and of the cele- 
brated Giant’s Causeway, may not be of the same age. For in 
Antrim the basalt overlies the chalk, and the upper mass of it 
covers everywhere a bed of lignite and charcoal, in which wood, 
with the fibre well preserved, and evidently dicotyledonous, is en- 
closed. The general dearth of strata in the British Isles, inter- 
mediate in age between the formation of the Eocene and Pliocene pe- 
riods, may arise, says Professor Forbes, from the extent of dry land 
wliich prevailed in that vast interval of time. If land predominated, 
the only monuments we are likely ever to find of Miocene date are 
those of lacustrine and volcanic origin, such as the Bovey Coal in 
Devonshire, the Ardtun beds in Mull, or the lignites and associated 
basalts in Antrim. 


* Quart. Gcol. Journ., 1851, t>. 89. 


f Ibid. p. 90. 
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MIOCENE FOIIMATIONS OF GERMANY. 

Mayence basin. — An elaborate description has been published bj 
Dr. F. Sandberger of the Mayence tertiary area, which occupies a 
tract from five to twelve miles in breadth, extending for a great 
distanoe along the lef^ bank of the Rhine from Mayence to the 
neighbourhood of Manheiniy and which is also found to the east, 
north, and south-west of Frankfort. M. de Koninck, of Li4ge, first 
pointed out to me that the purely marine portion of the deposit con- 
tained many species of shells common to the Kleyn Spawen beds, 
and to the clay of Bupelmonde, near Antwerp. Among these he 
mentioned Cassidaria depressa^ THtonium argutam^ Brander (T. 
ftandricum^ De Koninck), Tornatella simulata^ Aporrhais Sowerbyi, 
Leda Deshay esiana(fi^. 170. p. 235.), Corbula pisum(^g. 171.), and 
Pectunculus terebratularis. 

First, in the neighbourhood of the above-mentioned strata of the 
Mayence basin are the sands of Eppclsheim, containing Dinotherium 
giganteum^ and other Falunian or Upper Miocene quadrupeds. 
Next, the uppeniiost part of the Mayence series consists of what is 
called the Littorinella Limestone, whicli contains among other mam- 
malia Ilippotherium graeUe, Acerotherium (or Rhinoceros) incisirum, 
Paleomeryx, and Chalicomys^ all indicating a Lower Miocene fauna. 

The shell (fig. 177.) from which the above-mentioned limestone is 
named much resembles the recent Littorinella (or liissoa) ulva. Each 
shell is like a grain of rice in size, and they are often in 
such quantity as to form entire beds of marl and limestone, 
in stratified masses from fifteen to thirty feet in thicknessy 
just as in the Baltic modern accumulations several feet 
thick of the Littorinella ulva are spread far and wide over 
the bottom of the sea. In the same beds, several species 
of Dreissena abound, a form common to tjie Headon or 
Upper Eocene beds of the Isle of Wight, as well as to the existing 
seas. 

Among the plants obtained by M, Ludwig from argillaceous strata 
of the Littorinella limestone series, are many which have a wide 
range in the Miocene period, but two of them, says Heer, viz. 
Dryandroides Banksiafolia and D. arguta^ are characteristic of the 
Lower Miocene, or of beds below the faluns or Marine Molasse of 
Switzerland. 

Next below are marls containing Cyrena semistriata^ Cerithium 
jdicatuniy C. margaritaceum^ and C. Lamarckii.* These marls, with 
the underlying clays containing Leda Deshayesiana^ are regarded 
as the Rii})cliaii of Dumont, while the shell-bearing sands of VVein- 
heim, near Alzey^ are supposed to be somewhat older, and the 
equivalents of the Gres de Fontainebleau. 

Upper Miocene beds of the Vienna basin. — In South Germany the 
general resemblance of the shells of the Vienna tertiary basin with 



Suudberger Bulletin, tom. 
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those of the faluns of Touraine has long been acknowledged. In 
Dr. Hornes’ excellent work on the fossil mollusca of that formation, 
we see accurate figures of many shells^ clearly of the same sjwcies 
as those found in the falunian sands of Touraine. 

According to Professor Suess, the most ancient and j)urcly marine 
of the Miocene strata in this basin consist'of sands, conglomerates, 
limestones, and clays, and they are inclined inwards or from the 
borders of the trough towards the centre, their outcropping edges 
rising much higher than the newer beds, whether Miocene or 
Pliocene, which overlie them, and which occupy a srnalh'r area at an 
inferior elevation above the sea. M. Homes has described 500 
species of gasteropods, of which he ideiitiiieB one-fifth with living 
species of the Mediterranean, Indian, or African seas, but the propor- 
tion of existing species among the lamelli-branchiate bivalves exceeds 
this average. Among many univalves agreeing with those of Africa 
on the eastern side of the Atlantic are Cyprcea sanguinolentny Buc~ 
cimim lyratum^ and Oliva Jlammulata, In the lowest marine beds 
of the Vienna basin the remains of several mammalia liave been 
found, and among them a species of Dinotherium^ a Mastodon of the 
Trilophodon family, a Rhinoceros (allied toi?. megarhinns^ Christol), 
also Listriodon^ Meyer (of the hog tribe), and a carnivorous animal of 
the canine family. 

The Helix turonensis (fig. 45. p. 30.), the most common land-shell 
of the French faluns, accompanies the above. In a higher member 
of the Vienna Miocene series are found Dinotherium giganteum^ 
Mastodon longirostHs, Rhinoceros Schleiermncheri^ Acerotherium 
incisivuniy and Hippotheriumgracile^ all of them equally characteristic 
of an Upper Miocene deposit occurring at Eppelsheim in Hesse 
Darmstadt, above alluded to. M. Alcide d’Orbigny has shown that 
the foraminifera of the Vienna basin differ alike from the Eocene and 
Pliocene species, and agree with those of the faluns, so fiir as the 
latter are known. Among the Vienna foraminifera, tlic genus Am- 
phistegina (fig. 178.) is very characteristic, and is supposed by 

Fig. 178. 


Amphittegina Hauerina, D*Orb. Upper Miocene strata, Vienna. 

D’Archiac to take the same place among the Rhizopods of the 
Upper Miocene era which the Nummulites occupy in the Eocene 
period. 

The flora of the Vienna basin exhibits some species which have a 
general range through the whole Miocene period, such as Cinna- 
inomum polymorphum (fig. 188.), and another species, C. Scheuchzeriy 
also Flanera Richardi, Mich. (fig. 205.), Liquidambar europcBum 
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(fig. 160.), Juglans biliniea^ Cassia amUgua^ and C. lignitum. With 
these are also found one or%wo Older Miocene forms, together with 
some of the Upper Miocene plants of CEningen in Switzerland, such 
as Platanus aceroides (fig. 1B7.), Mgrica vindobonensisy Heer, &c. 

T^ower Miocene beds of Croatia^ — ^The Brown Coal of Radaboj, near 
Angram in Croatia, not far from the borders of Styria, is covered, 
says Von Buch, by beds containing the marine shells of the Vienna 
basin, or in other words, by Upper Miocene or Falunian strata. 
They appear to correspond ki age to the Mayence basin, or to the 
Hupclian strata of Belgium. They have yielded more than 200 
species of fossil plants, of which Professor Unger has given an 
admirable description. They are well preserved in a hard marlstone, 
and contain several palms ; among thAi the Sabal, fig. 197. p. 257. 
and another genus allied to the date-palm Phcenicites spectahilis. 
Among the fossils of the same marls we also find a fern, which 
will be mentioned in the next chapter (fig. 195. p. 256.), called 
Woodwardia Possneriana, The only abundant plant among the 
Radaboj fossils which is characteristic of the Upper Miocene 
period is the Populus mutabilis^ whereas no less than fifty of the 
Radaboj species are common to the more ancient flora of the Lower 
Molasse of Switzerland. 

The insect fauna is very rich, and, like the plants, indicates a more 
tropical climate than do the fossils of CEningen presently to be men- 
tioned. There are ten species of Termites, or white ants, some of 
gigantic size, and large dragon-flies with speckled wings, like those of 
the Southern States in North America ; there are also grasshoppers of 
considerable size, and even the Lepidoptera are not unrepresented. 
In one instance, the pattern of a butterfly’s wing has escaped oblitera- 
tion in the marlstone of Radaboj ; and when we reflect on the remote- 
ness of the time from which it has been faithfully transmitted to us, 


Fig. 179. 



Vanessa l*luto ; nat. size. Lower Miocene, Radaboj, Croatia. 


this fact may inspire the reader with some confidence as to the re- 
liable nature of the characters which other insects of a more durable 
texture, such as the beetles, ma]j afford for specific determination. 
The Vanessa above figured retains, says Heer, some of its colours, 
and corresponds with V. Hadena of India. 
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The lignites called Brown Coal in Germany belmig, for the most 
part, to the Lower Miocene epoch. Among tliese may he mentioned 
those of the Siebengebirge, near Bonn, which ai<5 associnU*d with 
volcanic rocks. 

Professor Beyrich, in his important Memoirs on tln^ Tertiary 
Strata of the North of Germany,”* has ina<le known to ns the exist- 
ence of a long succession of marine strata which h ad, l)y an almost 
gradual transition, from the Sternberg beds (see above, p. 2;5(>.), 
approaching in age to the faluns of the Loire, to otiu'rs agreeing 
in date with the Lower Tongrlan of Dumont, already mentioned, 
p. 234., as the base of the Miocene. In conformity with the method 
which I formerly adopted, he has appropriated the term Miocene 
exclusively to the faluns of Touraine and strata of that age ; but for 
all the formations below that level, as far down as the Uppermost 
Eocene, he has proposed the new term of Oligocene. The Sternberg 
beds are called Upper Oligocene; the next five groups, to which those 
of the May^nce basin, amongst others, belong, as well as the Calcaire 
de la Beauce and Fontainebleau Sandstone, are named Middle Oligo- 
cene; while the Egeln beds and some North German Brown Coals of 
the age of the Lower Tongrian of Dumont ore called Lower Oligocene. 
The difliculty of drawing a boundary line between these last forma- 
tions and the Eocene is precisely the same as that of separating the 
Lower Mincene and Eocene (as defined in the preceding chapters) in 
France and Belgium, After full consideration, it seems to me most con- 
venient to accept the classification so long adopted by many writers, 
which places the gypsum of Montmartre as the uppermost of the 
Eocene subdivisions ; and if it can ]>e demonstrated that any part of 
the Pongrian of Dumont, or of the German strata classed by Beyrich as 
Lower Oligocene, is strictly contemporaneous with the Paris gypsum 
or the Bembridge strata of the Isle of Wight, I should then separate 
them from the Lower Miocene, and consider them as Upper Eocene. 
We are now arriving at that stage of progress when the line, wherever 
it be drawn, will be an arbitrary one, or one of mere convenience, as 
I shall have an opportunity of showing when the Upper Eocene forma- 
tions in the Isle of Wight are described in the sixteenth chapter. 

Miocene strata of Italy . — We are indebted to Signor Michelotti 
for a valuable work on the Miocene shells of Nortliern Italy. Those 
found in the hill called the Superga, near Turin, have long been 
known to correspond in age with the faluns of Touraine, and they 
contain so many species common to the Upper Miocene strata of 
Bordeaux as to induce M. Tournouer to conclude that there was a 
free copamunication between the northern part of the Mediterranean 
and the Bay of Biscay in the Upper Miocene period. In the hills 
of which the Superga forms a part there is a great series of Tertiary 
strata which pass downwards into the Lower Miocene. Even in the 
Superga itself there are some fossil plants which, according to Heer, 

* Abhandlungcn dcr Kbnigl. Acad, der Wissen. zu Berlin, ISr^S, and ibid. 
1858, p. 59. 
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have never been found in Switzerland so high as the Marine Molasse, 
sucJi as Banhsia longifolia^ and Carpinus grandis.* In several parts 
of the Ligurian Apennines, as at Dego and Carcarc, the Lower 
Miocene appears, containing some nuinmulites, and at Cadibona, 
iiortii of Savona, freshwater strata of the same age occur, with dense 
beds of lignite enclosing remains of the Anthracothevium magnum 
and A. minimum^ besides other mammalia enumerated by Gastaldi. 
in these beds a great number of the Lower Miocene plants of Switz- 
erland have been discovered. 

Upper Miocene formations of Greece, — At Pikerme, near Athens, 
MM. Wagner and Roth have described a deposit in which they 
found the remains of the genera Mastodon^ Dinotkerium, Ilipparion^ 
Antelope^ two Giraffes^ and others, some living and others extingt. 
With them were also associated fossil bones of the Semnopithecus^ 
showing that here, as in the South of France, the quadrumana were 
characteristic of this period. The whole fauna attests the former 
extension of a vast expanse of grassy plains where we have now 
the broken and mountainous country of Greece— plains which were 
probably united with Asia Minor, spreading over the area where the 
deep Egean Sea and its numerous islands are now situated. 

* Becherches sur le Climat et la Vegetation du Pays Tertiaire, par Oswald 
Hcer. 1851. 
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CHAPTER XV. 

MIOCENE B'ORMATIONS— 

Miocene strata of Switzerland — Upper Miocene beds of (Eningen — Importance 
of Fossil Plants — Heer’s work on the Swiss Miocene flora — Plants and insects 
of Qi^uiiigen embedded in ditferent seasons— Fossil fruits and flowers, as well os 
leaves — Middle or Marine Molasse of Switzerland - Lower Molasse, or Lower 
Miocene — Dense conglomerates and proofs of subsidence — Fossil plants of 
Lower Miocene period more tropical — ^Preponderance of arborescent species — 
Supposed discordance in relative numbers of living species of plants i.nd shells 
in Upper Miocene formations — Theory of a Miocene Atlantis — Whether the 
American plants abounding in the Miocene of Europe migrated by a westerly 
or an easterly route — Objections derived from depth and width of the Atlantic 
— Arguments in favour of a Trans-Asiatic migration — Miocene fossils of 
Oregon — Agreement of Miocene corals of the West Indies and Europe opposed 
to the theory of an Atlantic Continent — ^Upper Miocene formations of India — 
iSub- Himalayan or Siwalik Hills— Older Pliocene aud Miocene formations in 
the United States of America. 


MIOCENE STRATA OP SWITZERLAND. 

Upper Miocene beds of (Eningen . — The faluns of the Loire first 
served, as already stated (p. 210.), as the type of the Miocene forma- 
tions in Europe. They yielded a plentiful harvest of fossil shells 
and zoophytes, but were entirely barren of plants and insects. In 
Switzerland, on the other hand, deposits of the same age have been 
discovered, remarkable for their botanical and entomological trea- 
sures. 

We are indebted to Professor Heer of Zurich for the description, 
restoration, and classiflcation of more than 900 species of these fossil 
plants, the whole of which he has illustrated by excellent figures 
in his ‘‘Flora Tertiaria Helvetian.” * In this great work he has 
achieved for the botany of the Tertiary formations what his 
distinguished predecessor, Adolphe Brongniart, had done for the 
fossil plants of the Primary and Secondary rocks. MM. Unger 
and Gbppert, by their able descriptions of the plants of the Brown 
Coal of Germany, had already prepared the minds of geologists 
to expect that botany would one day play ulmQjit as important a 

* This work, in three vols., containing climate of the Swiss Mioceno strata 
155 folio plates of fossil plants, was pub- appeared in 1862, edited by Prof. Heer 
lished at Winterthur in 1855-9, and a and M. Charles-Th. Gaudin, entitled 
French translation of those chapters Kechcrches sur le Climat et la Vego- 
which relate to the geology, botany, aud tatioii du Pays Tertiairc/* 
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part as conchology in enabling us to identify and classify the middle 
tertiary strata. But no small scepticism had always prevailed 
among botanists of the highest attainments as to whether fossil re- 
mains of the vegetable kingdom could ever afford sufficient data i'or 
determining the species, or even the genera or families, of plants of 
which nothing but the leaves are embedded in the rocks. In truth, 
before such remains could be rendered available, a new science had 
to be created. It was necessary to study the outlines, nervation, 
and microscopic structure of the leaves with a degree of care which 
had never been called for in the classification of living plants, where 
the fiower and fruit afforded characters so much more definite and 
satisfactory. As geologists, we cannot be too grateful to those who, 
instead of despairing when a task of such difficulty was presented 
to them, entered with full faith and enthusiasm into the new and un- 
explored field. That they should frequefttly have fallen into errord 
was unavoidable, but it is remarkable, especially if we enquire into 
the history of Professor Heer’s' researches, how often early con- 
jectures as to the genus and family founded on leaves alone were 
afterwards confirmed when fuller information was obtained, as, for 
example, when the fruit, and in some instances both fruit and 
ilower, were found attached to the same stem as the leaves which 
had been first described. Nor should we forget that when a 
skilful botanist has devoted his powers of discrimination to the 
classification of the leaves according to their forms, veiuing and 
minute or microscopic structure, he may afford the most important 
paheontological assistance to the geologist, even if he happen to 
make some erroneous guesses as to the generic or even ordinal 
atfinities of the plants in question. His power of recognizing the 
same identical fossil in two distant places or two distinct formations 
may settle a disputed point in chronology, where there is no other 
evidence at hand, and the conclusions drawn from such data as to 
the relative age of the beds have often held good, even 'when it 
was afterwards proved that several species, or even genera, had 
been constructed out of the leaves of the same plant, or that the 
fruit and leaves of one and the same tree had been referred to genera 
of distinct families. 

The Miocene formations of Switzerland have been called Molasse, 
a term derived from the French mo/, and applied to a soj't^ incoherent, 
greenish sandstone, occupying the country between the Alps and 
the J ura. This molasse comprises three divisions, of which the 
middle one is marine, and being closely related by its shells to the 
faluns of Touraine, may be classed as Upper Miocene. The two 
others are freshwater, the upper of which may be also grouped with 
the faluns, while tjie lower must be referred to the Low'er Miocene, 
as defined in the last chapter. 

The upper freshwater Molasse may first be considered. It is best 
seen at CEiiingeii, in the valley of the Rhine, between Constance and 
Schaff hausen, a locality celebrated for having produced in the year 
1700 the supposed human skeleton called by Scheuchzer **homo 
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<liluyii testis,” a fossil afterwards demonstrated by Cuvier to be a 
reptile, or aquatic salamander, of larger dimensions than even its 
great living representative the salamander of Japan. 

The OEningen strata consist of a series of marls and limestones, 
many of them thinly laminated, and which appear to have slowly 
acciiinulated in a lake probably fed by springs holding carbonate of 
lime in solution. 

The elliptical area over which this freshwater formation has been 
traced extends, according to Sir Roderick Murchison, for a distance 
of ten miles east and west from Berlingen, on the right bank of the 
river to Wangen, and to CEningen, near Stein, on the left bank. 
The organic remains have been chiefly derived from two quarries, 
the lower of which is about 550 feet above the level of the Lake of 
Constance, while the upper quarry is 150 feet higher. In this last, 
a section thirty feet deep displays a great succession of beds, most of 
them splitting into slabs and some into very thin larnifTa^ , ^ Twenty- 
one beds are enumerated by Prof. Heer, the uppermost a f»lueish- 
grey marl seven feet thick, without organic remains, resting on a K:ne- 
stone with fossil plants, including leaves of poplar, cinnamon, and 
pond-weed {Potamogeton\ together with some insects j while in the 
bed No. 4., below, is a bituminous rock, in which the Mastodon an^ 
gustidens, a characteristic Upper Miocene quadruped, has been met 
with. The 5th bed, two or three inches thick, contains fossil lish, e.g. 
Leuciscus (roach), and the larvae of dragon-flies, with plants such as 
the elm {Ulmus\ and the aquatic Chara. Below this are other plant- 
beds ; and then, in No. 9., the stone in which the great salamander 
{Andrias Scheuchzeri) 2 iiid some fish were found. Below this, other 
strata occur with lish, tortoises, the great salamander before al- 
luded to, freshwater mussels, and plants. In No. 16. the fossil fox 
of CEningen, Galecynus CEningensiSy Owen, was obtained by Sir R. 
Murchison. To this succeed other beds with mammalia (JLagomys)^ 
reptiles {^Emys\ fish, and plants, such as walnut, maple, and poplar. 
In the 19th bed are numerous fish, insects, and plants, below wliicli 
are marls, of a blue indigo colour. 

In the lower quarry eleven beds are mentioned, in which, as in 
the upper, both land and freshwater plants and many insects occur. 
In the 6th, reckoning from the top, many plants have been obtained, 
such as LiquidambaVy Daphnogeney PodogoniurUy and Elniy together 
with tortoises, besides the bones and teeth of a ruminant quadruped, 
named by H. V. Meyer PaleomeryfB eminens. No. 9. is called the insect 
bed, a layer only a few inches thick, which, when exposed to the frost, 
splits into leaves as thin as paper. In these thin laminm plants such 
as Liquidambavy Daphnogeney and Glyptostrobus occur, with innu- 
merable insects in a wonderful state of preservation, usually found 
singly. Below this is an indigo-blue marl, like that at the bottom of the 
liigher quarry, resting on yellow marl ascertained to be at least thirty 
feet thick. 

All the above fossil-bearing strata were evidently formed with 
extreme slowness. Although the fossiliferous beds are in the aggre- 
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gate, not more than a few yards in thickness, and have only been 
examined in the small area comprised in the two quarries just 
alluded to, they give us an insight into the state of animal and vege- 
table life in part of the Upper Miocene period, such as no other 
region in the world has elsewhere supplied. In the year J 859, Prof. 
Heer had already determined no less than 475 species of plants and 
900 insects from these GQningen beds. He supposes that a river 
entering a lake floated into it some of the leaves and land-insects, 
together with the carcases of quadrupeds, such as the great Masto- 
don. Occasionally, during tempests, twigs and even boughs of trees 
with their leaves were torn off and carried for some distance so as to 
reach the lake. Springs, containing carbonate of lime, seem at some 
points to have supplied calcareous matter in solution, giving origin 
locally to a kind of travertin, in which organic bodies sinking to the 
bottom became hermetically sealed up. The laminm, says Heer, 
which immediately succeed each other were not all formed at the 
same season, for it can be shown 'that, when some of them originated, 
certain plants were in flower, whereas, when the next of these Jayers 
was produced, the same plants had ripened their fruit. This infer- 
ence is confirmed by independent proofs derived from insects. The 
principal insect-bed is rarely two inches thick, and is composed, says 
Heer, of about 250 leaflike laminse, some of which were deposited 
in the spring, when the Cinnamomum polymorphum (p. 252.) was 
in flower ; otliers in summer, when winged ants were numerous, and 
when the poplar and willow had matured their seed ; others, again. 


Fig. 180. 



Fjg. 181. 



Podogoniutn Knorrii, Upper Miocene of CEningen and many parts of Germany. 

Fig. 1H0. Kestnration of the plant by Professor Heer. Frontispiece, Flora Tert. Hel. ^ naC. sice, 
a. branch bearing flowers before the leaves appear. 6. branch with leavea and ripe fruit. 

Fig. 181. o. Pod of P. AnorriY. CEningen. |uat.size. c. Formica lignitum, 

b. Leaf of gramineous plant. d. Hitter eoprotukorum, 

Heer, PI. 134. fig. 36. 


in autumn, when the same Cinnamomum polymorphum (fig. 188.) 
was in fruit, as* well as the liquidambar, oak, clematis;, and many 
other plants. 

The ancient lake seems to have had round its borders a belt of 
poplars and willows, countless leaves of which became embedded in 
the mud. Together with them, at some points, a species of reed> 
Arundoy was very common. 
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One of the most characteristic shrubs is a papilionaceous and 
leguminous plant of an extinct genus, called by Heer Podogonium^ 
of which two species are known. Entire twigs have been found 
(a, tig. 180.), with dowers, and always without leaves, the flowers 
having evidently come out, as in the poplar and willow tribe, before 
any leaves made their appearance. Other specimens have been 
obtained with ripe fruit accompanied by leaves, as shown in the 
branch 5, fig. 180. In some specimens are seen the embryo and 
cotyledons, in others the calyx and young fruit. The leaves resemble 
those of the tamarind, but each pod contains only a single seed, 
whereas the pod of the tamarind, an allied genus, contains many 
seeds. 

Ill fig. 181. we see a ripe seed-vessel of this plant, and on the same 
thin slab a winged ant, c, Formica lignitumy Heer. Another species 
of ant, also with wings, has been found associated with the same 
Podogonium in fructification, from which fact Professor Heer con- 
cludes that it ripened its seed in summer, at which seasoi! alone 
swarms of perfect male and female ants, having their wings fully 
developed, make their flights. Such, for example, is the habit of the 
living Formica herculeana, which comes very near to F. ligfiitum. 
In the ^ame slab, at d,^ is a portion of a beetle of the genus Ilister. 

The Upper Miocene flora of CEningen is peculiarly important, in 
consequence of the number of genera of which not merely the leaves, 
but, as in the case of the Podogonium just mentioned, the fruit also 
and even the flower are known. Thus there are nineteen species of 
maple, ten of which have already been found with fruit. Although 


Fig. 182 > 



Acer irilohatum, normal form. Heer, Flora Tert. Helv., PI. 114. fig, 2. Size | diatn. 

(Part only of the long stalk of the original fossil specimen is here given.) 

Upper Miocene, (Xniugen ; also found in Lower Miocene of Switzerland. 

in no one region of the globe do so many maples now flourish, we 
need not suspect Professor Heer of having made too many species in 
this genus when we consider the manner in which he has dealt with 
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one of them, Acer trilobatum^ figs. 182, 183. 185. Of this plant the 
number of marked varieties figured and named is very great, and no 
less than three of them had been considered as distinct species by other 
botanists, while six of the others might have laid claim, with nearly 
equal propriety, to a like distinction. The common form, called Acer 
trilobatuniy fig- 182., may be taken as a normal representative of the 
(Eningen fossil, and fig. 183. as one of the most divergent varietie:r, 
having almost four lobes in the leaf instead of three. 


Fig. iSS. 



Acer triiobatum. 

a, abnormal variety of leaf. Heer, PI. 1 10. fig. Ifi. 
h, flower and bracts, normal form. Heer, PI. 111. fig. 21. 
c. half a seed-veasel. Heer, PI. HI. tig. 5. 


Fig 184. Fig. H/i. 



Fig. 184. Acer ruhrum, L. Fig. 1«.1. Acer triMatum.' 

Living In N. America. FoMil, OEniugen. 

Heer, PI. 111. fig, 22. ; natural tiae. Heer, PI. 1.^5. fig. 9. ; natural ilte. 

a. the carpels. c. three peuUof the corolla. 4. calyx. 

Fig. 186. Acer irUobatnm. 

h, the two carpels. Heer, PI. 111. fig. 18. • 

We have a remarkable example in fig. 185. of the preservation of 
the female fiower, enabling the botanist to recognize the resemblance 
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between the petals of the Miocene species and those of the living 
jlcer ruhrum^ fig. 184.* 

In like manner the fossil specimen, fig. 186. 5, shows how much 
more pointed were the winged appendages of the seed-vessels than 
lire those of the most nearly allied living species, fig. 184. a. 

Among the genera which abounded in the Miocene period in Eu- 
rope is the plane-tree, Platnnm^ the fossil 
species being considered by Ileer to come 

4 . « nearer to the American P, occidentalis than 

orientalis of Greece and Asia Minor. 
w In some of the fossil specimens the male 
^ a flowers are preserved. Among other points 
^ of resemblance with the living plane-trees, 

them in the parks and squares 
\^| ^ of London, fossil fragments of the trunk 

are met with, having pieces of their bark 
peeling off. 

Fiatcu»,«»rM.i...G6^. No leaves of the beech-tree or of the 
PI. 8». figs. ft-H. chestnut have yet been found in any Mio- 

Size^aicun. Lpper Miocene, / i i *' i • 

cEumgcu. cene strata of Switzerland, although in 




TlatanusaceroMes.Go^^. vri 

PI. 8». figs. ft-H. chestnut have yet been found in any Mio- 

Size^aicun. Lpper Miocene, / i i *' i • 

cEuiiigcu. cene strata of Switzerland, although in 

A.' ihi core of a bundle of pericarps, fomations of the Same age ill Germany, 
c. single fruit or pericarp, nat. size, them, namely, the bccch, 

have been detected. Many species of the laurel tribe characterize 
the flora both of the Upper and Lower Miocene strata in Switzer- 
land and Germany, especially the cinnamon (see fig. 188.}. The 
leaves of this genus are easily recognizable, and often serve as useful 
guides to the geologist. The fruit also and the flower are found at 
(Eningeu. 

Fig. 188. Fig. 189. 



Cinnamomum potymorphumy Ad. Brong. 

a. leaf. 

b. flower, nat size. Heer, PI. 93. fig. 28. 

Upper and Lower Miocene. 


a. ripe fruit of Cinnamomum polymorphuniy 

from (Kningen. Hecr, PI. 94. fig. 14. 

b. fruit of recent Cinnamomum camphora of 

Japan. Heer, Pi. 1»2. fig. IH. ,, 


f 

Professor Heer observes that the fruit in the fossil, fig. 189. o, is 
more ovaL in shape than that of the recent Japanese plant, C. cam^ 
phoray by fig. 189., which comes nearest to it, and that the peduncle is 
not thickened at its upper end as in the living one. 

* Hccr, vol. iii. p. 197. 
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The vine of QCningen, ViHs ieuianica. Ad. Brong., is of a North 
American type, approaching nearest to Viiis vulpina, L. ; both the 
leaves and seeds have been found at CEningen, and bunches of com- 
pressed grapes of the same species have been met with in the Brown 
Coal of Wetteravia in Germany. 

No less than eight species of smilaz, a monocotyledonous genus, 
occur at CEningen and in other Upper Miocene localities, the flowers 
of some of them, as well as the leaves, being preserved* as in the case 
of tlie very common fossil S. sapititfera, fig. 190. a. 


Fi?. 190. 



SmHax saRittifera. Heer, FI. 30. fig. 7. Size ^ diameter. 
a, leaf. b. flower magnified, one of the six petals wanting at d. Upper Miocene. CEningen. 
c. Leaf of Smtlax obtustfoUa. Heer, PI. 30. fig. 9.; nat. size. Upper Miocene. CEumgen. 

Plants referable to no less than five genera of the order Proteacea^ 
have been obtained partly from GCningen and partly from the lacus- 
trine formation of the same age at Lode in the J ura. These five genera 
all of them, except the last, now living in Australia, are the following : 
Batiksia^ Grevillea, Hakea, Persooma^ and Dryandroides, Of Hakea 
both the seed-vessel and the seeds have been obtained, so that they 
can be compared with the recent ; and the dimensions of the fossil 
fruit arc similar in size, the difference in d and 5, fig. 191., arising 
from the different scale of reduction (see description of figure). 



Fig. 191. 



Fruit of the fossil and recent species of Hakea, a genus of Proteaces. 
a. leaf of fu«sil species, Hakea salicina. Upper Miocene, (Euingen : called Emboihrium hy 
Heer. PI. 97. Ug. 29. | diam. 

3. fruit of same. } diam. e. seed of same. Natural size. 

d. truit of living Australian species, Hakea salignay K. Brown. | diatu. 
f. seed of same. Natural size. 


More will be said of the Proteacem when I treat of the plants of 
the Lower Miocene period, at which era that family was still more 
prevalent in Europe, lu the same beds Mt Lode with the Proteacem 
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Fig. 102. 



there occurs a fan palm of the American type Sabal, a genus which 
ranges throughout tlie low country near the sea from the Carolinas 
to Florida and Louisiana. 

Among the Coniferie of Upper Miocene age is found a deciduous 
cypress nearly allied to the Taxodium distichum 
of N, America, and a Glypto&trobns^ fig. 192., very 
like the Japanese Cr. heterophylluSy now common 
in our shrubberies. 

It was stated that in the upper quarry at 
CEn ingen the remains of the Mastodon anaitS’- 
tidens occur. The association of so characteristic 
a lalunian fossil with the flora above described 
is important, Jis helping to settle the true Upper 
Ghwtoiti^obuseuropafts. Mioccue date of these beds. M. Ziegler showed 

museum at Winterthur in Switzerland, 
.Miocene, Q^.iiugen. 1857% two fine spccimcns of the skulls and jaws 

of the same species, one young and the other adult, determin ed by 
Dr. Falconer, which had been found at Veltheim in that neighbour- 
hood, in strata belonging, like the CEningen beds, to tlie upper fresh- 
water molasse. This formation is there seen to overlie the marine 
falunian beds of Rorbas. In that same molasse the Podogortium 
Xnorrii, above described, and Populus latior, with other charac- 
teristic Qilningen plants have been met with. 

Before the appearance of Heer’s work on the Miocene Flora of 
Switzerland, Unger and Gbppert had already pointed out the largo 
proportion of living North American genera which distinguished 
the vegetation of the Miocene period in Central Europe. Next in 
number, says Heer, to these American forms at Qilningen the Eu- 
ropean genera preponderate, the Asiatic ranking in the third, the 
African in the fourth, and the Australian in the fifth degree. The 
American forms are more numerous than in the Italian Pliocene 
flora, and the whole vegetation indicates a warmer climate, though 
not so high a temperature, as that of the older or Lower Miocene 
period. 

The conclusions drawn from the insects are for the most part in 
perfect harmony with those derived from the plants, but they have 
a somewhat less tropical and less American aspect, the South 
European types being more numerous. On the whole, the insect 
fauna is richer than that now inhabiting any part of Europe. No 
less than 844 species are reckoned by Heer from the QCningen beds 
alone, the numWr of specimens which he has examined being 5080. 
The entire list of Swiss species from the Upper and Lower Miocene 
together amount to 1322. Almost all the living families of Coleop- 
lera are represented, but, as we might have anticipated from the 
preponderance of arborescent and ligneous plants, the wood-eating 
beetles play the most conspicuous part, the Buprestidae and other 
long-horned beetles being particularly abundant. There are also 
no less than thirty species of those beetles, of which the larvse feed on 
the dung of mammalia, implying, says Heer, the existence of a great 



single one oF SM Mm tO ttS, Mmely, the raUeomeryr rmi. 
nem of Meyer. There were also species of the carrion-^ti^g 
Silpha; also twenty-four species of water-beetles of the genera 
Dytiscus^ HydrophiltUy &e. 

The patterns and some remains of the colours both of Coleoptera 
and Hemiptera are preserved at CEningen, as, for example, in the 
annexed figure of Harpcietor^ in which the antennas, one of the eyes, 
and the legs and wings are retained. 

The characters, indeed, of many of 
the insects are so well defined as to 
incline us to believe that if this class 
of the invertebrata were not so rare 
and local, they might be more useful 
than even the plants and shells in 
settling chronological points in geo- 
logy.* 

Few of the genera of insects are 
extinct, but many of them imply a 
geographical distribution widely dif- 
ferent from that now obtaining in the 
same part of the vrorld. Thus, for 
example, in this Swiss fauna, there 
were many white ants or Termites, 
and dragon-flies of a South African 
type called Agrion, besides several 
Indian and American forms referable Heer. Upper Mio- 

ceue, tbntngen. 

to various orders. 

To account for the perfect state of the specimens, Heer supposes 
that the insects whicli sank to the bottom of the water may have 
been killed by mephitic gases which rose from the lake, and which 
were connected with the volcanic eruptions of which some of the 
products are seen at Hochgau, and which are believed by Swiss 
geologists to have taken place in the Upper Miocene period. 

Middle or Marine Molasse {Upper Miocene) of Switzerland. — It 
was before stated that the Miocene formation of Switzerland con- 
sisted of, Ist., the upper freshwater molasse, comprising the lacustrine 
marls of (Eningen ; 2dly, the marine molasse, corresponding in age to 
the faluns of Touraine ; and 3dly, the lower freshwater molasse. 
Some of the beds of the marine or middle series reach a height of 
2470 feet above the sea. A large number of the shells are common 
to the faluns of Touraine, the Vienna basin, and other Upper Miocene 
localities. The terrestrial plants play a subordinate part in the 
fossiliferous beds,* yet more than 90 of them are enumerated by Heer 
as belonging to this falunian division, and of these more than half 

♦ See Ileer’fi beautiful figures and de- Verhandelingen van der Hollandschc 
seriptions of (Eningen beetles, &c., in the Miiatschappij der Wetensch, &c. Haar- 
Haariem Transactions. Naturkundige lem, 1862. 


Fig. 193. 
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are common to subjacent Lower Miocene beds, while a proportion of 
about 45 in a hundred are common to the overlying QDniiigen fora. 
Twenty-six of the 92 species are peculiar. 

Lower Molasse {Lower Miocene') of Switzerland . — Next in de- 
scending order comes the Lower Molasse, almost entirely of fresh- 
water origin, of which the Upper division contains 211 species of 
plants and the Lower no less than 336 species. The first of these 
two is called in Heor’s work the “ Mayencien,'* it being supposed to 
agree in age with the strata of the Mayence basin already described, 
while the lower division is called the “ Aquitanien,” as corresponding 
with some of the older Miocene beds of the South of France. But 
the fossil shells by which these comparisons have been made appear 
to me to be at present too few in number to enable us to place much 
reliance on such identifications. The superposition, however, of the 
Molasse called “ Mayencien ” to the lower beds called “ Aquitanien,” 
which last are well seen on the borders of the Lake of Geneva, is 
perfectly clear. 

To the upper group belong the sandy marls of Eriz, in the Canton 
of Berne, in which there are 68 species of plants, half of them common 
to the OEn ingen strata. Among the North American forms in this 
locality the tulip tree may be mentioned, a species very closely allied 
to the Liriodendron tulipifera^ L. 

Fig. 194. Fig. 195. 


Woodwardia Rossneriana, Unger. 

UeiT, PI. 5. Enz. Lower Miocene. 

I.iriodendran P>ocaccinit\ Unger.' a. part of a branch. 

Heer, PI. 108. flg. 6. Krii. Lower Miocene, b. part of a leaf magnified, showing the position 

of the sori. 

The most abundant of the associated plants are two species of 
cinnamon, one of them already mentioned as frequent at CEningen. 
C. polpmorphumy fig. 188. Next to these in number come species of 
the dogwood, or CornuSy of the hornbeam, CarpinuSy and of the buck- 
thorn, Khamnus. Among the fir-tribe or coniferce is a Taxodiuni 
nearly allied to the deciduous cypress, T. distwhuvUy of N. America. 
Professor Goppert considers it the same, but Unger and Ileer have 
pointed out difierences, showing that it is at least a marked va- 
riety. Among the ferns is found a Woodwardia (see fig. 195.), so 
like the living W. radicanSy that in spite of the largp size and 
some slight differences in the shape of the leaf (a part so often 
variable in ferns), it may, says Heer, be a question with some botanists 
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whether the fossil does not agree specifically with the recent plant. 
Yet this fern ranges still lower, being also found at Monod, a locality 
to which I shall presently allude. 

Before quitting the plants of this lower division of the molasse, I 
may mention that a fan-palm, Chnmcerops Helvetica^ (fig. 196.), oc- 
curs at Utznach, in the Canton of St. Gall, in Lower Miocene strata 
somewhat higher in the series than those of £ritz. This genus is 
now South European, Asiatic, and American. 


Fijf. IOC. Fig. 197. 



Chnnt€erops Sahal major ^ Unger ip. Verar, I.iO\i-er 

Utznach, St. CSall, Lower Miorene. (Heer, Flora Miocene. (Heer, PI. 41.) Genus now 

ro^8. Hclvet., PI. 41.) proper to America. 


The inferior subdivision of the Lower Molasse, called Aquitanian 
in Heer’s work, is best seen on the northern coast of the Lake of 
Geneva. The beds consist of sandstone and conglomerate, and 
are nearly 2000 feet thick. The conglomerates are often very un- 
equal in thickness, in closely adjoining districts, as might be expected, 
since in a littoral formation accumulations of pebbles would swell out 
in certain places where rivers entered the sea, and would thin out to 
comparatively small dimensions where no streams or only small ones 
came down to the coast. These old shingle-beds attain in the Rigi, 
and in the mountain called Speer, near Lucerne, a thickness of 5000 
and 7000 feet. 

Nearly the whole of this Lower Molasse is freshwater, yet some of 
the lowest beds contain a mixture of marine and fluviatile shells, the 
Cerithmm margaritacenm^ a well-known Lower Miocene fossil, being 
one of the marine species. Notwithstanding, therefore, that some of 
these Lower Miocene strata reach an elevation of 6000 or even 7000 
feet above the sea, the deposition of the whole series must have begun 
at or below that level. For ages, in spite of a gradual sinking of the 
coast and adjacent sea-bottom, the rivers continued to cover the 
sinking area with their deltas ; but finally, the subsidence being in 
excess, the sea of the Middle Molasse gained upon the land, and 
marine beds wore thrown down over the dense mass of freshwater 
and brnckish-wat(»r deposit, called the Lower Molasse, which had 
previously accumulated. 

The groat change of level above alluded to must be borne in mind 
if we would account fora phenomenon by which geologists have been 

s 
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mueh pusaled ; namely, the fact that in the ^^nagelfluo," as the conglo- 
mmites are called by the Swiss, pebbles of gneiss, granite, and por- 
phyry are common, and yet no such rocks now enter into the struc- 
ture of the Alps. Along the original coast-line, when the pebble- 
beds of the Lower Miocene were forming, there may have been hills 
of granite and gneiss more than a thousand feet high, but when the 
subsidence had continued for a long series of years, these would all 
be gradually submerged and covered over by fluviatile sediment ; 
for the effect of a general depression going on at a faster rate than 
the accumulation of sediment is to cause the shore-line to retreat 
idland, the sea occupying successively old zones of coast. In the 
present period wo see at the southern base of the Alps in Italy, Jiills 
of gneiss and porphyry of moderate height, although rocks of this 
class form at present no part of the chain itself, and tliese crystalline 
formations might be submerged and buried under deltas derived from 
the detritus of the higher Alps, if the level of the whole region w'cre 
to be lowered by another great downward movement. 

As I have already stated, the inferior portion of the Swiss Lower 
Miocene, called Aquitanian by Heer, may best be studied on the 
northern borders of the Lake of Geneva between Lausanne and 
Vevay, where the contiguous villages of Monod and Rivaz are 
situated. The strata there, which I have myself examined, consist 
of alternations of conglomerate sandstone and finely laminated marls 
w'ith fossil plants. A small stream falls in a succession of cascades 
over the harder beds of puddingstone, which resist, while the sand- 
stone and plant-bearing shales and marls give way. From the latter 
no less than 193 species of plants have been obtained by tlic exertions 
of MM. Heer and Gaudin, and they are considered to afford a true 
type of the vegetation of the inferior subdivision of the Lower 
Miocene formations of Switzerland — a vegetation departing farther 
in its character from that now flourishing in Europe than any of the 
higher members of the series before alluded to, and yet displaying 
so much affinity to the flora of CEningen as to make it natural for 
the botanist to refer the whole to one and the same Miocene period. 
There are, indeed, no less than 81 species of these Older Miocene 
plants which pass up into the fiora of CEningen, and in this number, 
says Heer, are many of those which, by an abundance of individuals 
and by their arborescence, must have constituted a leading feature 
in the forests of that era. 

Nearly all the plants at Monod are contained in three layers of 
marl separated by two of soft sandstone. The thickness of the marls 
is ten feet, and vegetable matter predominates so much in some layers 
as to form an imperfect lignite. One bed is filled with large leaves 
of a species of ‘fig {Ficus populina)^ and of a hornbeam {Carpmus 
gTandis)y the strength of the wind having probably been great when 
they were blown into the lake ; whereas another contiguous layer 
contains almost exclusively smaller leaves, indicating, apparently, a 
diminished strength in the wind. Some of the upper beds at Monod 
abound in leaves of Proteacem, Cyperaceas, and ferns, while in some 
' Cinnatninmum. and Snaraanium are 
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common. In oiie bed of gandstone the trunk ef a large palm tree 
was found unaeeompanied by otiier foaaiis^ and near Vevay, in the 
same series of Lower Miocene strata, the leaves of a palm of the 
genus Sabal were obtained (see fig. 197. p. 257.). 

Among other genera of the seme class is a Flahellatia occurring 
near Lausanne, and a magnificent Phanieites allied to the date 
palm. When these plants flounced the climate must have been 
much hotter than now. The Alps were no doubt lower, and the 
palms now found fossil in strata elevated 2000 feet above the sea 
grew nearly at the sea-level, as is demonstrated by the braekish- 
water character of some of the beds into which they were carried by 
winds or rivers from the adjoining coast. 

In the same plant-bearing deposits of the Lower Molasse in 
Switzerland have been found no less than 20 species of Proteacese, 
an order already spoken of as being well represented in the CEningen 
beds, though by no means so plentifully as in these Lower Miocene 
strata, aOd w'^hich were still more strikingly predominant in the ante- 
cedent Eocene and in the still more ancient Cretaceous formations. 



Lowtt Miocene Froteacec. 

Fig. 198. a. leaf of Dryandroides Hakeajolin. Lower Miocene. 4* net, size. Monod, near 
Lausanne. (Heer, FI.98. flg. 6.) 
b, small portion of the same magnified. (Heer, PI. 98. Sg. 13.) 

Fig. 199. Hakea exutata. Hohen Rhoneo, SwlUerland. Lower Miocene. Nat. size. (Heer, 
PI. 98. fig. 19.) 

Fig. 200. Dryandra Sekrankii, Monod. Lower Miocene. | net. zize. (Heer, PI. 98. 
fig. 203.) • 

One of the above plants, Dryandra Schrankiiy comes very near to 
D.formosa, B. Brown, a living New Holland species, and is con- 
sidered by Heer as homologous,” but the leaf only of the fossil is 
known. This is one of the species which characterizes all stages of 
the Lower Miocene, and is not found in the Upper. It also occurs 
in Great Britain in the Miocene beds of the Island of Mull, in the 
Hebrides, and in the lignite of Bovey Tracey, in Devonshire. 

The Proteas and other plants of this family now flourish at the 
Cape of Good Hope; while the Banksias, and a set of genera distinct 
from those of Africa, grow most luxuriantly in the southern and 
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temperate parts of Australia. They were probably inhabitants, says 
Heer, of dry hilly ground, and the stiff leathery character of their 
leaves must have been favourable to their preservation, allowing them 
to float on a river for great distances without being injured and then 
to sink, when water-logged, to the bottom. It has been objected by 
some botanists that the fruit of the Proteaceie is of so tough and en- 
during a texture that it ought to have been more commonly met 
with, instead of being restricted to a single example like that of the 
JELakea saKgna before mentioned (fig. 191. p. 2d3.) ; but the season of 
fructification in these plants may not have coincided with that of the 
most active sedimentary deposition, and there may bo other reasons 
for the absence of the fruit of which we are at present ignorant. 
Some mistakes have certainly been made, and Count Saporta has 
shown that one plant formerly referred ‘to Dryandroides^ and of 
which he discovered the fruit, really belongs to the bog-myrtle, 
or sweet-gale tribe (JStyrica), But there is no reason to question 
the general accuracy of the determination of the fossil Pfbteaceaj. 
Those of the cretaceous marls of Aix-la-Chapello wcj-o formerly 
disputed, but fortunately the leaves in that case, notwithstanding 
their antiquity, are so much better preserved than any known 
Miocene plants, that their epidermis can bo examined microscopi- 
cally. A leaf from Aix which, from its form and nervation, had been 
referred to the genus GreviUea^ was found, when submitted to this 
test, to have regular and polygonal cellules resembling in shape and 

thickness those of the living G. 

Fig 201 . oleoides of Australia. 

The eight or nine species of fig 
(Ficus)y which are met with at Mo- 
nod and Rivaz, have their nearest 
living analogues in the hotter parts 
of India, Africa, and America. 
Among the Conifera? the Sequoia 
here figured is common at Itivaz, 
and is tone of the most universal 
plants in the Lowest Miocene of 
Switzerland, while it also character- 
izes the Miocene Brown Coals of 



Sequoia Langsdorfii. Ad. Br. ^ natural 
size. Rivaz. near i^iiaanne. (Hcer, IM 21. 
fig. 4.) Upuer and Lower Miocene and 
Lower Pliocene, Val d’Arno. 


Germany and certain beds of the 
Val d’Anio, which I Imve called 
Older Pliocene, p. 19*'3. 


b. young cone. 


It is an interesting fact that this 
tree should also have been disco- 


vered in the siirturbrand or lignite of Ic(3laiid, and by Dr. Walker in 
Disco Island, in Greenland, in lat. 70° N. It comes so near to the liv- 


ing S. sempervirens ( Taxodium) of California, that some botanists en- 
tertain doubts whether they may not be varieties of the same species 


As a fossil, its geographical range extends from Greenland, lat. 70® N. 


to Sinigaglia in Italy, lat. 44° N., and in an east and west direc- 
tion from the Hebrides (Isle of Mull) to the Steppe of the Kirghis. 
Sir John Richardson found this same fossil tree on the Mackenzie 
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River, two mileB north of its junction with Bear River, lat. 65 ® N., 
or in about the name parallel as the north of Iceland. 

I am indebted to Prof. Heer for the annexed figure of this North 
American specimen taken from the original. 


Fig. 202. 1 : 


Sequoia Langsdorfii. Fosaiil, Mackenzie River, lat. 65^ N. 

Sir G. Richardson, Voyage, 1851, voi. i. p. 186.; vol. ii. p. 403. 
n. branch with leaves, one year's growth. 

h. under side of a leaf magnified, showing punctuations as in the living S. sempervirem* 
c. mate flowers. d, carpels of the cone. e. seed. 

Among the ferns met with in profusion at Monod is the Lasircea 
stiriaca^ Unger, which has a wide range in the Miocene period from 
strata of the age of Cb^uiiigen to the lowest part of the Swiss 
molassc. 



Fig. 203. 



Lastreea stiriaca^ Ung. (Heer*s Flora. PI. 143. fig. 8.) 

Natural size. Lower and Upper Miocene. Switzerland. 

o. specimen (torn Monod, showing the position of the sori on the middle of the tertiary 
nerves. 

6. more common appearance, where the sort remain and the nerves are obliterated. 


In some specimens, as shown in the annexed figure, the fructificn* 
tion is distinctly seen. 

In the Upper Miocene fiora of CEningen already described the 
number of forest trees and evergreen shrubs is very great. Their 
predominance, however, in the period of the LoWer Miocene was still 
more marked, and is characteristic of subtropical countries. No less 
than two-thirds of all the ligneous plants were evergreens. 
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Among other features which cause this flora to resemble that of 
North America is the great abundance of trees of the order Amenta- 
ceae, such as the oak, poplar, alder, birch, willow, hornbeam, plane, &c. 

The papilionaceous plants, of which there are twenty-four genera, 
are the most abundantly represented of all families, both in tlio 
Lower and Upper Miocene. But the laurels, of which there are only 
five genera, have contributed most leaves to the Miocene strata. 
Among these several species of Cinnarnomum^ as before mentioned, 
iu*e very conspicuous. 

Besides C. polymorphiim^ before figured, p. 262., another speci(*s 

also ranges from the Lower to the 
Upper Molasse of Switzerland, and is 
very characteristic of different deposits 
of Brown Coal in Germany. It has 
been called Cinnamomum Rossmuss- 
leri by Heer (see fig. 204.). 

This plant is nearly allied to a living 
North Indian species, C. eur ilyptoidea. 
The leaves, as before mentioned, are 
easily recognized as having two side 
veins, which run up uninterruptedly 
to their point. 

The lowest of the Swiss Miocene 
beds, the sandstone of Kalligen, on 
the Lake of Thun, in which 32 plants 
have been found, contains no less than 
G species in common with (Eningen — a 
proportion of 18 in a hundred. Among 
, them we find Taxodiam^ closely allied 
to the deciduous cypress of the Mis- 
8«sippi, also a pine, an arundo, and 

nogent cinnanronnfoiia, UnRer Upper oiie of the Pfoteaceae, Druandroidcs lig- 

aiul Lower Miocene, Switzerland and ^ ^ 

Germany. nitum. 


Fig. 204. 



Alleged difference in the degree of qffiniitg of the Upper Miocene 
plants and shells to the living creation. 

Before concluding my remarks on the fossil Flora and Fauna of 
Switzerland, I may say a few words on the embarrassment which 
some geologists have felt in consequence of the alleged anomaly of 
the results derived from the study of the fossil shells us compared to 
the fossil plants and insects. Of the shells of the marine Molasse 
which underlies the freshwater deposit of (Eningen, a fourth or 
more than a fourth have been declared by able coiicliologists to be 
of species still existing, whereas all the plants and insects have 
been said to differ from living ones. On looking more closely into 
the evidence, we shall perhaps find that this supposed inconsistency 
disappears. 

Professor Heer, it is true, does not identify, any Miocene plants 
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with living Bpecies, but he has enumerated 72 species which he 
terms homologous,’* 40 of them known by their fruits as well as 
their leaves ; and although he is opposed to the doctrine of trans* 
mutation, he admits that these homologous species are so closely 
allied to the nearest forms now living, that the latter may be their 
lineal descendants. He cannot, he says, decide ** whether the varia- 
tion has been brought about by some influence which has been 
exerted continuously for ages, or whether at some given moment of 
past time the old types were struck with a new image.** 

Now the degree of relationship here implied would be at once 
accepted by most naturalists as constituting specific identity. Let 
us suppose that the sessile variety of the common oak, Quercus 
robur^ had been only known to us as a fossil from CBningen and qot 
as a living form, and that the other living variety, in which the 
flower and acorns are supported on a stalk, was the only form now 
existing. The first of these would, according to the method adopted 
in Professor Herr’s work, rank as an extinct Miocene species ; 
whereas the two forms now co-existing in European forests are 
generally regarded by botanists as mere varieties. That such a 
distinction would have been made by Heer we are entitled to infer 
from the manner in which he has dealt with the fossil specimens of 
a plant called by him Planera Ungeri, To the leaves and fruit of 
this tree, which is allied to the elm, Unger had previously given the 
name of P, Richardi, identifying it with a tree now living in the 


Fig. 205. 



Planera Riehardi, Unger. P. Ungeri^ Heer. 

Upper Miocene. (Heer, PI. 80., Flora Tert. Helveiiae.) 
a. a branch from OSningen. b, fruit magnified. c. leaf, (Eningen. 


Caucasus and Crete ; but Heer had pointed out that in the fossil 
the size of the frint was larger. When, however, in 1861, the Swiss 
Professor visited with me the rich herbarium of Kew, Dr. Hooker 
showed us a living variety of P, Riehardi in which the fruit was 
fully as big as in that of CEningen, so that this last must retain 
Unger’s name, and this example, if there were no other, might 
suffice to warn US', ifai the present imperfect state of our knowledge 
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Fig. 206. 


not to indulge in too positive a belief that all the Miocene species 
have become extinct. 

Out of the 72 homologous species above mentioned, 67 are 
phaenogamous and only 5 cryptogamous ; but may well be 
doubted whether among the 49 Miocene Cryptogamia described 
in Heer’s Flora Tertiuria, a much greater number, perhaps more 
than half, might not with propriety have received (provision- 
ally at least) the names of living plants. Heer admits that 

the majority come very near to ex- 
istihg species, and we know well 
how wide is the geographical range of 
the ferns, and still more of dowerless 
plants of lower grades, such as mosses, 
lichens, and fungi, many species of 
which are cosmopolitan, and therefore 
fitted, by their adaptability to vary- 
ing conditions, for a long duration in 
time. 

On the leaves of a fossil maple, 
Acer trilobatum, already mentioned, 
fig. 183. p. 251., a small body is fre- 
quently seen resembling the living 
fungus which grows on maples, 
called by Fries lilujtisma acerinunu 
It is tuberculated and crenulatcd (see 
the magnified figure, h). The fossil 
a. partofaieaf of^rr-r /n/oft/i/um with made SO deep an indentation on 

incumbent and subjacent layer of 
A. magnified view Of ihf fungus. as to lead ProfessoF Ilccr to 

infer that it was somewhat thicker 
than the living form. Instead, there- 
fore, of treating it as a variety, he has called it R, induratum, under 
which title it helps to swell the list of extinct Miocene species. 

In like manner there is a minute fungus, called by Ileer Splice- 
ria ceuthocarpoideSy which spots the leaves of Populus ovalis at 
Gi^n ingen, very closely resembling the living Spheeria ceutliocarpa 
of Fries. Some botanists would think it very hazardous to 
assign even generic names to such objects, and still more rash 
to decide that the fossil differed specifically from its living ana- 
logue. 

Another of these fungi forming black spots on the fossil leaves of 
a poplar is proved in like manner to have been a real substance, and 
not simply the effect of discolouration, for it has left indentations 
both* on the under and overlying layers of marl. » To decide that it 
is not a living species would require far ampler data. Some botanists 
are even uncertain whether as much can be said of the Populus 
lalior itself of CBningen, on which the fungus grew, and of which 
seven varieties are described by Ileer, some of them coming very 
near to the Populus monilifera of North Ameriq^. 
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Similar commentaipnight be made on the long list of homologous 
insects given by Hcer from the Miocene strata of Switzerland. 
Their specific distinctness from their nearest representatives now 
living might appear to the zoologist in a very different light, accord- 
ing to the state of mind in which he may approach their study. If 
he is reflecting on the fact that all the Upper Miocene mammalia and 
a great majority of the testacea are extinct, and is then endeavouring 
to decide whether a fossil and a recent form, between 'which there is 
a close affinity, should be regarded as varieties or distinct species, it 
may seem the. safest course to incline to the latter alternative ; yet, 
by giving a new name to the fossil in doubtful cases, a serious re- 
sponsibility is incurred, as the naturalist thereby commits himself to 
an absolute negation of specific identity between such Miocene and 
living insects and plants. If it be right to exercise extreme caution 
in identifying, it is equally important not to separate individuals 
which may really belong to the same species. In spite of the sound- 
ness and general accuracy of the conclusions arrived at by Professor 
Ileer after such great and conscientious labours, there appears to me 
an inconsistency in one of his results, which may have been owing to 
an unwillingness to identify Upper Miocene and living plants. 
When we consult his tabular list of the fossil plants of Switzerland 
we find that a great number of species pass from the Aquitanian 
Flora to that of CEiiingen, which are as distant from each other in 
age as are the Fontainebleau sands from the Faluns of the Loire. 
But scarcely one plant is admitted to have survived the shorter 
interval of time which separated the flora of CEningen from 
our own epoch. I say shorter interval, because, as we have seen, 
p. 215., all the shells of the Fontainebleau sands differ from those 
of the Faluns, whereas a fifth part, and in some cases a third, of the 
shells of falunian deposits are still living. If, therefore, the differ- 
ential characters of the plants had been measured in the same scale, 
and without any bias, it appears to me that since many of them pass 
from a lower to one of the uppermost members of the Miocene group, 
so a still greater number should have been recognized as being com- 
mon to the uppermost Miocene period and the living creation. 

Theory of a Miocene Atlantis , — The Swiss plants of the ISliocene 
period have been obtained from a country not exceeding one-fifth 
of Switzerland in area, yet the abundance of species in certain 
genera and families best adapted for preservation in a fossil state is 
so great as to demonstrate that the Miocene was richer than the 
modern flora, rich and varied as the latter is well known to be. The 
researches already made imply, according to Heer, that in the ph»no- 
gainous class alone there must have been 3000 Miocene species, and, 
making due allowance a^id deductions on account of those which are 
limited to certain subordinate members of the Miocene group, and 
which may not all have existed at once, he comes to the conclusion 
that ill no e<iuuL area in the South of Europe (in Lombardy, for 
example, or Sicily) is there now so luxuriant and diversified a vege- 
tation. It exceed^ in variety the Southern States of America, such 
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as Georgia and the Carolinas^ and rivalled that^f tropical countries, 
such as Jamaica and Bahia. 

The majority of the fossil forms are allied to living species or 
genera, but there are certain extinct types, specific and generic, 
which have a wide range through successive tiers of strata from the 
lowest Molasse up to tliose of CEningen, and there is a certain unity 
of character stamped on the whole Miocene flora in spite of the 
contrast between that of the uppermost and lowest formations. The 
proofs of a warmer climate, and the preponderance of trees and 
shrubs over herbaceous plants, and the excess of evergreen over 
deciduous species, are characters common to the whole flora, but 
which are intensified as we descend to the inferior deposits. On 
the other hand, the comparative number of American forins, though 
always conspicuous, is somewhat lessened in the lowest beds. The 
living American types, says Heer, are the most prominent ; those of 
Europe are in the second rank ; those of Asia in the third ; Africa 
in the fourth ; and New Holland in the fifth. In Europe it is the 
Mediterranean region which presents the greatest numlMT of analo- 
gous species. In America, the Southern United States, such as 
Louisiana, Florida, Georgia, and the Carolinas; in Asia, Japan, and 
the countries of the Caucasus and Asia Minor ; in Africa, the small 
islands in the Atlantic, such as the Canaries and Madeira. 

If we consider not simply a mere list of species but those plants 
which would constitute the mass of the vegetation, the European part 
of the fossil flora is thrown still more in the background, and the 
foreground is occupied by America with its numerous evergreen 
oaks, maples, poplars, planes, Liquidambar, Robinia, Sequoia, Tax- 
odium, and ternatc-leaved pincs^ and Japan with its many camphor 
trees and glyptostrobus, the Atlantic Islands with their laurels, and 
Asia Minor wdth its planera and Populus mutabilis.* During the 
Miocene period in Europe, there was a singular coexistence of 
generic types of plants which are now peculiar to America, or to 
Asia, or to Africa, or Australia ; in a word, to parts of the globe ex- 
tremely distant from each other. This fusion of the characters now 
belonging to distinct botanical provinces becomes more hiarked as 
we go back to the Lower Miocene formations, and will be found to 
be still more strikingly exemplified in the antecedent Eocene and 
Cretaceous periods. In the Lower Miocene formations of Central 
Europe the climate seems to have been not only hotter but more 
uniform and humid, and this humidity would favour the formation of 
beds of lignite, such as constitute the Brown Coal of Germany. 

The large number of American genera in the Miocene flora 
induced Unger to suggest that the present basin of the Atlantic 
was occupied by land, over which the Miocene plants could pass 
freely, and this hypothesis has been enlarged and advocated with 
great ability by Heer. It seems at the first glance to derive much 
support from the fact that it is the Eastern or Atlantic side of North 


* Ileer and Gandin, p. 59. 
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America, 6v that which is nearest to Europe, which presents the 
greatest number of vegetable forms analogous to the Miocene flora. 
But Dr. Aga Gray, following up a hint thrown out by Mr. Ben- 
thain. has argued with great force that it is far more probable that 
the plants, instead of reaching Europe by the shortest route over an 
imaginary Atlantis, migrated in an opposite direction, and took a 
course four times as long across America and the whole of Asia. 

If the evidence in the botanical scale were equally balanced in 
favour of these two opposite theories, a geologist would not hesitate 
to prefer that of Dr. Asa Gray as demanding an incomparably 
smaller amount of change in physical geography since the close of 
the Miocene period. It is true that since the beginning of that era 
there have been vast alterations in the level of the Alps and con- 
tiguous regions, as we have seen, p. 257., and in the Mediterranean, 
especially the Egean Sea, p. 245. And there was perhaps, as the 
late Edward Forbes contended, an extension westward of European 
and North African land even in the Pliocene period.* If, instead 
of assigning an almost historical date to a continental condition of 
the area between Africa and the Southern States of North America, 
such as might realise the story of the Atlantis spoken of by the 
Egyptian priests to Plato, we could look back through the whole 
interval which separates us from the Eocene or Cretaceous periods, 
we might then indeed freely grant, as geologists, any amount of 
change that may be required in the position of land and sea. All 
that is wanting' is time for the gradual development of a long series 
of subterranean movements ; that being conceded, there would be no 
exaggeration in the lines of the poet — 

"Earthquakes 'have raised to heaven the humble vale, 

And gulfs the mountain’s mighty mass entombed. 

And where the Atlantic rolls wide continents have bloomed.” — Beattie, 

It is the enormous depth and width of the Atlantic which makes 
us shrink from the hypothesis of a migration of plants, fitted for a 
sub-tropical climate in the Upper Miocene period, from America to 
Europe, by a direct course from west to east. Can we not escape from 
this difliculty by adopting the theory that the forms of vegetation 
common to Recent America and Miocene Europe first extended from 
east to west across North America and passed thence by Behring’s 
Straits and the Aleutian Islands to Kamtschatka, and thence by land, 
placed between the 40th and 60th parallels of latitude where the 
Kurile Islands and Japan are now situated, and thence to China, 
from which they made their way across Asia to Europe ? 

If that be the case, the breaks in a once continuous province of 
plants, and the extinction as well as the diminished range of many 
species, might well have been caused by the mighty revolutions in 
physical geography which we know to have occurred in various 
parts of this area in Fost-miocene times. 


* See Map, vql. i. Pi. 7. Memoirs of Geol. Survey, Ac., 1846. 
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Professor Oliver, after making a careful analysis of Heer’s work, 
above cited, on the “ Tertiary Flora of Switzerland,” has given us an 
able essay on the bearing of the valuable store of facts therein con- 
tained on the two rival theories above alluded to.* In the first ])lace he 
has thought it safer to set aside all the cryptogamia, and to discard a 
certain number of the phaenogamous plants as having been doubt- 
fully determined by their leaves alone ; but after these deductions 
there remain about 800 plants referred to 196 genera in the Swiss 
Miocene flora. It is of course understood that some of these deter- 
minations are very doubtful in the absence of fruit or flowers, but 
the positive data which remain are amply sufficient for sound 
generalizations, and we need not fear that these will be materially 
sln).keu by future discoveries. The reasoning is the more to be 
relied on because in so great a number of genera only twenty-one 
are extinct, fifteen of these being ^mouocotyledouotts and six dico- 
tyledonous. 

It is admitted that there is an unquestionable analogy between 
the Miocene flora of Central Europe and the Recent flora v)f North 
America, and that the analogy is greater than between tlie same 
fossil flora and that now existing in Europe. But in the first place 
it is remiirked by Dr. Asa Gray that the Swiss Miocems j)lanls are 
more like those of Japan than they are like those now living in 
Europe, wliich at once suggests the idea that the American plants 
may have taken a westerly instead of an easterly route. In the 
next place it is remarked that, if we travel from Europe to the east, 
tlie farther we go the more we find the living vegetation putting on 
the cliaracters of the Old Miocene flora. Thus in passing from the 
Mediterranean to the Levant, the Caucasus, and Persia, we meet, 
says Professor Oliver, with ChamwropSy Plalantis^ lAquidamhar^ 
Plerocarya^ Juglans^ &c. Ikc., theu we trace along the Himalaya and 
through China other Miocene genera, the eastern part of the Asiatic 
continent forming with Japan one great botanical region. In the 
Southern American States eighty-eight of the Miocene genera are 
now represented; but Professor Oliver gives a table to show that if 
we take Europe, Asia, and Japan together, as before suggested, there 
are no less than 120 Recent genera which are common to the Swiss 
Miocene flora. Moreover there are some general features in which 
the living flora of Japan is more like the Old Miocene vegetation 
of Europe than is the living flora of America. For example, the 
nine Tertiary orders which are num<irically the largest are the 
following: — 1. Graminem (grasses); 2. Composite; 3. Cyperaceso 
(sedges) ; 4. Salicacese (willows) ; 5. Coniferm (pines) ; 6. Legu- 
minosas ; 7. Laurlneae (laurels) ; 8, Acerincae (maples) ; and 9. 
Proteaceae. The six first of these are included ir\ the nine largest 
orders of Japan, and only four of them, namely, the three first and 
the sixth, in the largest orders of the Southern States of North 
America ; and further, the three last of the nine are much more 
developed in Japan than in the Southern States. 

* Nau llist. Review, 1862, p. 149. 
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Heer estimates the proportion of ligneous species in the Swiss 
Miocene as exceeding 60 per cent, of all the plants. Professor 
Oliver remarks on this subject that in Japan they constitute 40 per 
cent, of the whole flora, and only 22 per cent, in that of the Southern 
United States. There are seventy-seven genera common to the 
recent flora of Japan and to the European Miocene strata, and 
nearly the same number are common to the tertiary and the living 
flora of Europe ; but the genera which are common in these two 
instances are by no means the same, and no less than twenty-six of 
the Japanese list are wanting In Europe, having become extinct 
there since the Miocene period. Not a few of these, such as Cinna- 
momum and Glyptostrohus^ pl^y ^ conspicuous part among the fossils. 

In order to understand the disappearance of so many forms, we 
have only to call to mind the great geographical changes already 
alluded to, which are known to have taken place in Eastern Europe 
and W estern A.aia since the "Miocene era. It seems at hrst sight 
an anomaly that the plants on the eastern side of North America 
should agree more closely with those of Japan than does the flora of 
the intervening countries, Oregon and California, west of the Rocky 
Mountains. It would naturally lead us to conjecture that many of 
the Miocene geneni of Europe now found only on the Atlantic side of 
North America may once have ranged to the Pacific side. In favour 
of such an hypothesis, it may be mentioned that in 1859 Lesguereux 
discovered in a fossil state in Vancouver’s Island and in Oregon many 
of the Miocene genera which are no longer represented in the flora now 
living on the west side of the Rocky Mountains. Among these there 
is a Cinnamomum resembling C. Rossmassleriy see fig. 204., a planer- 
tree, like Planera Richardi^ a Glyptostrobus like G, (Eningensis, 
Br., and a fim palm, besides willows and maples, the whole assem- 
blage implying a warmer climate in Oregon in the Miocene period, 
and also pointing to the spread of a similar vegetation across the 
whole American continent in ancient times. 

In support of the Atlantis theory, Heer has pointed out that cer- 
tain American genera, such as Oreodaphtie^ closely related to O, 
feetens or the Til, also Clethra^ Bystropogon^ Cedronella^ and others, 
are common to the Miocene of Europe, and to the flora of Madeira 
and Porto Santo, and to that of the Canaries and Azores. Had the 
number of genera proper to these islands, especially to the Azores, 
been very considerable, this argument would be entitled to have 
great weight, for such Atlantic islands would then appear to have 
been the last remnants of a lost continent over which a continuous 
vegetation once ranged from west to east. But Professor Oliver 
truly observes that the botanical types having the geological and 
geographical relations required by the hypothesis are extremely few 
in the Atlantic islands. Moreover two of those above cited, Ciethra 
and Cedronelfa^ arc of little or no value, as species of both of them 
now grow in Japan, and some of the other plants may have reached 
the Atlantic islands at the time when these were united with 
Barbary, and Barbary with Europe, at which same period many 
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European land-shells and plants now flourishing in Madeira and 
Porto Santo may have migrated thither. 

The existence of a continuous land communication between Eastern 
Aincrica and Western Europe in the Pliocene period, by means of 
which many plants migrated, before the Glacial period, from one 
region to the other, was suggested by. Mr. Darwin in his “ Origin 
of Species*^ (chap, xi., 1859); and Dr. Leidy has observed that 
a like continuity of land from east to west is implied by the identity 
of some of the extinct Pliocene mammalia of the Niobrara Valley in 
Nebraska with those of a con'esponding geological age in Europe. 
The ideal map given by Ileer of the Atlantis represents a continent 
as large as Europe precisely in that portion of the Atlantic Ocean 
wllich is now the broadest and deepest.* The depth has been lately 
shown to range in the central parts from two to three miles. To 
suppose that a continent, therefore, was so situated up to the close 
of the Miocene period, when the American types, as seen at CEningen, 
were most dominant, would imply a pi^odigioiis amount of subsidence 
in a comparatively brief period. In the lifetime of a single genera- 
tion of men, plants, of which the seeds have been unintentionally 
transported to a distant coast, have made their way for many miles 
into the interior without human aid. A botanist, theivfore, might 
form some rude estimate of the number of centuries which would be 
required for an assemblage of plants to spread over land several 
thousand miles in extent from east to west; but no geologist would 
venture to estimate the ages required to convert as many thousand 
miles of land into a shallow sea and then turn that vast shoal into 
a sea-bottom two or three miles deep. 

Even if we were called upon to imagine that the Miocene flora 
originated in the Southern United States, in Georgia and the Caro- 
linas for example, and that they made their way overland westward 
for a distance of 16,000 miles to Europe, we might conceive such a 
migration to be performed in a mere fraction of the period which it 
would take to convert Africa or North America into an ocean as 
deep as the Atlantic. 

Behring’s Straits do not exceed in depth and width the Straits of 
Dover, so that the former union of North America with Asia would 
demand only a slight change of level, and the present existence of 
such chains of islands as the Kurile and Aleutian makes it easy to 
imagine that there may have been a post-miocene connection be- 
tween Kamtschatka, Japan, and China. Independently, therefore, of 
the botanical arguments in favour of a migration from east to west, 
this latter theory involves us in far less hazardous speculations as to 
geographical change than that of a Miocene Atlantis. 

We are not, however, entitled to take for granted that some of the 
American types may not have crossed to Europe in high Northern 
latitudes, when Greenland, Iceland, and the Hebrides were united 
by a continuous land communication. And in support of this view it 

* Heer and Gaudin, Flora Ter,tiaria Ilclvctue, vol. iii. PI. 156. fig. 9., and Re- 
chercbes sor le Climat, PL 1. fig. 9.^ 
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may be urged that a Miocene flora has been discovered in several parts 
of the Arctic lands, especially in Disco Island, in Greenland, lat. 
70*^ N., and in Iceland, and, as above mentioned, p. 239., in the 
Island of Mull in the Hebrides. But in the first place, in referenee 
to these northern miocene deposits, it may be observed that palms 
and other tropical forms are wanting ; and secondly, the depth of 
the ocean in the regions alluded to is very great. Sir L. Mac- 
Clintoch, when sounding for the proposed submarine telegraph, 
found a depth of 4092 feet between Scotland and Iceland, and again 
a depth of no less than 9432 feet between Iceland and Greenland. 
Possibly the number of fathoms might not be so great if a survey of 
the Arctic Seas were made in a still more north-westerly direction 
from Iceland to Greenland, but we have no data at present which 
favour this notion. 

Upon the whole, the theory which derives the American types 
from the east instead of the west seems by far the most natural, and 
it seems to acquire still more claims to our favour when we study the 
fossil shells and corals of that ancient period as well as the plants. 
In 1860, Mr. John Garrick Moore pointed out that certain tertiary 
shells of San Domingo exhibited affinities to the miocene shells of 
Europe*, and that although such of the San Domingo species i^s 
agreed with the living were chiefly Atlantic forms, there were some 
60 closcdy allied to the existing Pacific fauna as to lead him to infer 
that there had been a channel in Miocene times through what is now 
the Isthmus of Panama, by which the mollusca could have migrated 
from one ocean to the other. Such an hypothesis, he observes, will 
be the more readily accepted when we consider that the isthmus no- 
where attains an elevation exceeding 1000 feet, which is not half the 
height to which the marine Miocene strata of San Domingo have 
been uplifted since their deposition. 

Similar inferences have lately been drawn by Dr. Duncan f, from 
the corals of San Domingo, Antigua, Jamaica, Barbadoes, and other 
West Indian islands. They are allied in a most unequivocal manner 
to the corals of the Faluns of Vienna, Bordeaux, Dax, Saucats, 
and Turin, while at the same time the forms are those of the Pacific 
and not of the Caribbean Sea and Atlantic. Dr. Duncan concludes, 
therefore, not only that there was no Isthmus of Panama, but also 
that there was no great barrier of land or Atlantic continent sepa- 
rating the Miocene seas of Europe from the contemporaneous seas of 
the West Indies. The bearing of these views is the more direct on 
the theory of an Atlantis before discussed, because the affinities of 
the marine shells and the corals belong precisely to that period (the 
Upper Miocene), when the flora of Europe was moat American. 
There may have been, as Dr. Duncan supposes, numerous islands in 
the Atlantic, large and small, as there are now in parts of the Pacific 
and Indian Oceans where corals abound, but there could not have 
been that continuity of laud which is represented in HeePs ideal map 


• Quart. Gcol. Joum., 1850, vol. iv. p. 43. 


t Ibid. vol. xix. p. 455. 
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of thd Atlantis already cited, p. 270., which would be indispensable 
in order to produce an affinity in so many genera and oven species of 
plants as is observed between the Recent American and the Swiss 
Miocene flora. 

It is right, however, before concluding this subject, that I should 
warn the reader that much of the reasoning employed by those who 
have taken part in discussing the probable existence of a IWfiocone 
Atlantis, whether as advocates or opponents of the hypothesis, has 
proceeded on the assumption that the geographical distribution of 
genera has been governed by laws strictly analogous to those which 
govern the distribution of species. When Professor Heer speaks of 
plants called by him homologous, and shows that about half of these 
ai \3 common to Miocene Europe and to the living flora of America, 
and that this is more especially true of those closely-allied or homo- 
logous species which are known by their fruits as well as their 
leaves, the force of his argument tvill be fully appreciated by all who 
believe that each species has had a single birthplace, or hai« been 
formed in one limited geograjdiical area from which it may liave 
migrated to distant parts ; for Ileer supposes the homologous living 
species to be the hereditary descendants of their closely-allied mioceno 
progenitors. But when the reasoning is founded on plants which have 
only a generic connection, as in a great part of llecr’s work, and 
everywhere throughout the essay of Professor Oliver, its force depends 
on the previous assumption that, not only the individuals of a species, 
but also the different species of a genus, have radiated from certain 
geographical areas which constituted the original starting-points of 
such genera. This is not the place to enter into a question so diffi- 
cult and unsettled as that of the origin of species, hut wdiether we 
adopt or reject the doctrine of transmutation, it is necessary to bear 
in mind when we compare the recent and fossil flora and endeavour 
to ascertain whether the miocene plants came to Europe by a western 
or eastern route, that a single identical or very closely allied species 
is of more value than a great many genera represented by species 
not closely allied. Thus, for example, Heer considers the walnut- 
tree of CEningen called Jttglarts bilmica to be homologous with the 
living American hickory, JvgJans nigra, and that another Uj)per 
Miocene walnut of Europe, Jvglans vetusta, is homologous with our 
common walnut, J. regia^ which was first brought into Europe 
from Persia. When, therefore, the Swiss Professor founds on the 
one an argument in favour of a migration across an Atlantic conti- 
nent for the Miocene walnuts of Switzerland, and Professor Oliver 
founds on the other an Asiatic route for the same, their reasoning is 
logical and its cogency is great in proportion to the identity or very 
near affinity of the fossil and recent plants wln’ch are compared. 
But several other Tertiary walnuts of Switzerland have a compara- 
tively remote bearing on the question of a Miocene Atlantis, because 
Juglans, as a genus, flourished in Europe in tlie Eocene, and even, 
according to Gbppert, in the antecedent Cretaceous period. Some, 
therefore, of the Miocene species of Juglans may have come from 
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indigenous European Eocene, or even Cretaceous ancestors ; and 
the same remark applies to a great number of the genera of other 
orders and classes which are common to the Miocene flora of Europe 
and to older tertiary rocks. Thus eight out of 232 fossil species of 
Monte T3olca, a locality where the rocks belong to the Nummulitic 
or Middle Eocene period, pass up into the Miocene formations, ac- 
cording to Massalongo and Heer.* 

The Proteaceae also abounded in the Eocene strata of England, 
France, and Italy, and in the cretaceous rocks at Aix-la-Chapelle. 
To these countries, therefore, rather than to Australia and Africa, we 
ought to look for the origin of many of the species of that order 
which we find both in the Upper and Lower Miocene formations. 

But notwithstanding the caution which we must use in our specu- 
lations on the alleged affinity of the Miocene flora of Europe to the 
living plants of America and other countries, I consider the general- 
izations of Unger, Asa Gray, Heer, Oliver, and others on this sub- 
ject, to be most important, and that their investigations cannot fail 
to throw great light on the past history of species and genera in the 
vegetable kingdom. 

UPPER 3IIOCEXE FORMATIONS, INDIA. 

Sub’Himalayan or Siwalik Hills, — The Siwalik Hills lie at the 
southern foot of the Himalayan chain, rising to the height of 2000 
and 3000 feet. Between the Jumna and the Ganges they consist of 
inclined strata of sandstone, shingle, clay, and marl. We are 
indebted to the indefatigable researches of Dr. Falconer and Sir 
Proby Cautley, continued for fifteen years, and to the labours of 
other scientific officers in the Indian service, for the discovery in 
these marls and sandstones of a great variety of fossil mammalia 
and reptiles, together with many freshwater shells. Fifteen species 
of shells of the genera Paludina^ Melania^ Ampullaria^ and Unio 
were shown by Falconer and Cautley in 1846 to the late Professor 
E. Forbes, who pronounced them to be all extinct or unknown 
species with the exception of four, which are still inhabitants of 
Indian rivers. Such a proportion of living to extinct mollusca 
agrees well with the usual character of an Upper Miocene or Fnlu- 
nian fauna, as observed in Touraine, or in the basin of Vienna and 
elsewhere. 

The genera of mammalia point in the same direction. One of 
them, named originally Anoplothcrium, was at first considered to 
supply a link between this Indian fauna and that of the Eocene 
period of Europe, but it is now recognized to belong to the genus 
Chalicotherium (oy Anisodon of Lartet), a pachyderm intermediate 
between the Rhinoceros and Anoplothere, and characteristic of the 
Upper Miocene strata of Eppelsheim, and of Sansans in the Depart- 
ment of Gers in the South of France. With it occurs also an 
extinct form of llippopotamusy called Ilexaprotodon^ and a species of 

* Rechcrchcs, &c., Ilccr andGaudiu, p. 79. 

T 
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Hippotkerium and pig, also two species of Mmtodon^ two of 
elephant, and three other elephantine proboscidians ; none of them 
agreeing with any fossil forms of Europe, and being intermediate 
between the genera Elephas and Mastodon, constituting the sub- 
genus Stegodon of Falconer. With these are associated a monkey, 
allied to the SetnuopUhecus entellus^ now living in the Himalaya, 
and many ruminants. Amongst these last, besides the giraffe, camel, 
antelope, stag, and others, we find a remarkable new type, the Si- 
vatherium, like a gigantic four-horned deer. There are also new 
forms of carnivora, both feline and canine, the MachamMlns among 
the former, also hyaenas, and a subursine form called the llya*narc- 
tos, and a genus allied to the otter (Euhydriodon), of formidable 
size. 

The giraffe, camel, and a large ostrich may be cited as proofs that 
there were formerly extensive plains where now a ste(*p chain of 
hills, with deep ravines, runs for many hundred miles east and west. 
Among the accompanying reptiles are several crocodil-s, some of 
huge dimensions, and one not distinguishable, says Dr. Falconer, 
from a species now living in the Ganges (C, Gan(jeticus\ and there is 
still another saurian wdiich the same anatomist has identified with a 
species now inhabiting India. There was also an extinct species of 
tortoise of gigantic proportions {Colossochehjs Atlas\ tlie curved 
shell of which was twelve feet three inchcjs long and eight fe(‘t in 
diameter, the entire length of the animal being estimated at eighteen 
feet, and its probable height seven feet. 

That some of the reptiles should, as well as many of the shells, 
have survived from the Upper Miocene to the human epoch, need 
scarcely excite surprise, for we have no reason to assume that tlie 
mean temperature of India in the Miocene period differed materially 
from that which now prevails ; although the climate must have been 
greatly modified by the revolution which lias since occurivd in tlie 
physical geography of the district. The heat may be as great now, 
if not greater, than when the Sivatlierium and Ciialicotherium 
flourished. 

Numerous fossils of the Siwalik type have also been found in 
Perim Island, in the Gulf of Cambay, and among these a species of 
Dinotheriumy a genus so characteristic of the Upper Miocene period 
in Europe. 

Atlantic Islands . — Something will be said of the Upper Miocene 
formations of marine origin in Madeira, the Canary Islands, and the 
Azores, when I speak, in the thirty-first chapter, of the volcanic rocks 
of those countries. 

Older Pliocene and Miocene formations in the United States . — 
Between the Alleghany Mountains, formed of older rocks, and tho 
Atlantic, there intervenes, in the United States, a low region occu- 
pied principally by beds of marl, clay, and sand, consisting of the 
cretaceous and tertiary formations, and chiefly of the latter. The 
general elevation of this plain bordering the Atlantic does not ex- 
ceed 100 feet, although it is sometimes several hundred feet high. 
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Its width in the middle and southern states is very commonlj fW>m 
100 to 150 miles. It consists, in the South, as in Georgia, Alabama, 
and South Carolina, almost exclusively of Eocene deposits ; but in 
North Carolina, Maryland, Virginia, Delaware, more modern strata 
predominate, which, after examining them in 1842, 1 supposed to be 
of the age of the English crag and faluns of Touraine.* If, chro- 
nologically speaking, they can be truly said to be the representatives 
of these two European formations, they may range in age from the 
Older Pliocene to the Miocene epoch, according to the classification 
of European strata adopted in this chapter. 

The proportion of fossil shells agreeing with recent, out of 147 
species collected by me, amounted to about 17 per cent., or one-sixth 
of the whole ; but as the fossils so assimilated were almost always 
the same as species now living in the neighbouring Atlantic, the 
number may hereafter be augmented, when the recent fauna of that 
ocean is better known. In different localities, also, the proportion 
of recent s[)ccics varied considerably. 

On the banks of the James River, in Virginia, about twenty miles 
below Richmond, in a cliff about 30 feet high, I observed yellow and 
white sands overlying an Eocene marl, just as the yellow sands of 
the crag lie on the blue London clay in Suffolk and Essex in Eng- 
land. In the Virginian sands, we find a profusion of an Astarte 
(A, undulatOj Conrad), which resembles closely, and may possibly 
be a variety of, one of the commonest fossils of the Suffolk Crag 
(A. hipartita) ; the other shells also, of the genera Natica^ Fissurella^ 


Fig. 207. Fig. 208. 



Fulgur canalieulatus. Maryland. Futus quadrieostatus, Smj. Maty land. 

Artemis, Lucina, Chama, Pectunculus, and Pecten, are analogous to 
shells both of the English crag and French faluns, although the 
species are almost all distinct. Out of 147 of these American fossils 
1 could only find 13 species common to Europe, and these occur 
partly in the Suffolk Crag, and partly in the faluns of Touraine ; 
but it is an important characteristic of the American group, that it 
not only contains many peculiar extinct forms, such as Fu^us gua^ 

* Trocced. of the GcoL Soc., voL iv. Pt. 3., 1845, p. 547. 
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drieostattiSy Say (see fig. 208.) and Venus tridacnoides^ abundant in 
these same formations, but also some shells which, like Fulgur 
carica of Say and JR canaliculatus (see fig. 207.), Calyptnea costata, 
Venus mercenaria^ Lam., Modiola glandnla^ Totten, and Pecten 
mayellanicus^ Lam., are recent species, yet of forms now (‘on fined to 
the western side of the Atlantic — a fact implying that some traces 
of the beginning of the present geographical distribution of molliisea 
date back to a period as remote as that of tlio Miocene strata. 

Of ten species of zoophytes %vhich I procured on the hanks of 
the Janies Kiver, one was formerly supposed by Mr. Lonsdale to be 
identical with a fossil from the faluns of Touraine, but this species 

(see fig. 209.) proves on n^-examina- 
Fig. 209 . tion to be different, and to agree gene- 



Astrangta lineata^ I.onsdale. 
Syn. Anthophyllum lineainm. 
Williamsburg, VirginU. 


rically with a coral now living on tlio 
coast of the United States. With 
I’espect to climate, Mr. Lonsdale re- 
gards these corals as indicating a tem- 
perature exceeding that of the Medi- 
terranean, and the shells would lead 
to similar conclusions. Those occur- 
ring on the James Kiver are in the. 
37th degree of N. latitude, while the 
French faluns are in the 47th; yet 
the forms of the American fossils 


would scarcely imply so warm a climate as must have prevailed in 
France when the Miocene strata of Touraine originated. 

Among the remains of fish in these Post-eocene strata of tlic 
United States are several large teeth of the shark family, not dis- 
linguisliable specifically from fossils of the faluns of Touraine. 


LOWER MIOCENE, UNITED STATES. 

Nebraska , — In the territory of Nebraska, on the Upper Mis- 
souri, near the Platte Eiver, lat. 42° N., a tertiary formation 
occurs, consisting of white limestone, marls, and siliceous clay, 
described by Dr. D. Dale Owen *, in which many bones of extinct 
quadrupeds, and of chelonians of land or freshwater forms, are 
met with. Among these. Dr. Leidy describes a gigantic qua- 
druped, called by him Titanotherium^ nearly allied to the Paheo- 
tkerium, but larger than any of the species found in the Paris 
gypsum. With these are several species of the genus Oreodov, 
Leidy, uniting the characters of pachyderms and ruminants also ; 
EucrotaphiiSy another new genus of the same mixed character ; two 
species of rhinoceros of the sub-genus Acerotheritlm, a Lower Mio- 
cene form of Europe before mentioned ; two species of Archceothe- 
riunij a pachyderm allied to ChtEropotnmus and Ilyracotherium ; also 
Pvehrotheriuniy an extinct ruminant allied to Dorcatherimn^ Kuup ; 


* David Dale Owen, Geol. Survey of Wisconsin, &c.; Philad. 1852. 
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also Agriochcegus of Leidj, a ruminant allied to Merycapotamui of 
Falconer and Cautley ; and, lastly, a large carnivorous animal of 
the genus Machairodus^ the most ancient example of which in 
Europe occurs in the Lower Miocene strata of Auvergne, but of 
which some species are found in Pliocene deposits. The turtles are 
referred to the genus Testudo, but have some affinity to Emgs, On 
the whole, the Nebraska formation is probably newer than the Paris 
gypsum, and referable to the Lower Miopene period, as above 
defined. 
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CHAPTER XVI. 

EOCENE FORMATIONS. 

Upper Eocene strata of England — Fluvio-marine series in the Isle of Wight and 
Ilampshiro — Successive groups of Eocene Mammalia — Boundary-line between 
Lower Miocene and Eocene — Fossils of Barton Clay — British Middle Eocene — 
Shells, nummulites, fishes, and reptiles of the Bagshot and Bracklesham beds — 
Vegetation of Middle Eocene period — Lower Eocene strata of England — Fossil 
plants and shells of the London Clay proper — Strata of Kyson in Suffolk- 
Plastic clays and sands— Thanct sands— >Eocene formations of France — Gyp- 
seous series of Montmartre and extinct quadrupeds — Fossil footprints - -Calcairo 
grossier — MHiolites — Lower Eocene in France — Nummulitic formations of 
Europe, Africa, and Asia — Their wide extent — referable to the Middle Eocene 
period — Eocene strata in the United States — Section at Claiborne, Alabama — 
Colossal cetacean — Orbitoidal limestone — Burr stone. 

The strata next in order in the descending series are those which 
I term Upper Eocene. In the accompanying map, the position of 
several Eocene areas is pointed out, such as the basin of the Thames, 


Fig. 210. 


Map of the principal tertiary baains of the Eocene period. 



Hypogene rocks and strata 
older than the Deronian 
or Old Red series. 


Eocene formations. 


N. B. The space left blank is occupied by secondary formations from tJie Devonian or old red 
sandstone to the chalk inclusive. 


part of Hampshire, part of the Netherlands, and the country round 
Paris. The three last-mentioned areas contain some marine and 
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fi^shwater formations, which have been already spoken of as Lower 
Miocene, but their superficial extent is insignificant, except in the 
Paris basin between the Seine and the Loire. 


UPPER EOCENE FORUXTIONS, ENGLAND. 

The following table will show the order of succession of the strata 
found in tho Tertiary areas, commonly called the London and Hamp- 
shire basins. (See dso Table, p. 103. et seq.) 


LOWBR XIOCEKE. , . 

Thickness. 

Hempstead beds, Isle of Wight, see above, p. 237. • - 1 70 tlet. 

UPPER EOCENE. 

A. 1. Bembridge Scries — North coast of Isle of Wight - - - 120 

A. 2. 0.sborne or St. Helen’s Series — ibid. - • - - - loO 

A. 3. Ilcadon Series — Isle of Wight, and Hordwell Cliff, Hants - 170 

A. 4. Barton Clay — Isle of Wight, and Barton Cliff, Hants - « 300 

MIDDLE EOCENE. 

B. Bagshot and Bracklesham Sands and Clays — ^London and 

llaiits basins 700 


LOWER EOCENE. 

C. 1 . London Clay proper and Bognor beds — London and Hants 

basins - 350 to 500 

C. 2 . Plastic and Mottled Clays and Sands — London and Hants 

basins - -- -- ---- - 100 

C. 3. Thanct Sands — Bcculvers, Kent, and Eastern part of London 

basin - - ...---.-90 

The true relative position of the Hempstead beds and of the Bem- 

bridge, A. 1., and the Osborne or St. Helen’s series, A. 2., were not 
made out in a satisfactory manner till Professor Forbes studied 
them in detail in 18o2. The true place of the Bagshot sands, B., 
and of the Thanet sands, C. 3., was first accurately ascertained by 
Mr. Prestwich in 1847 and 1852. 


UPPER EOCENE, ENGLAND. 

Bembridge series^ A. 1. — These beds are about 120 feet thick, and, 
as before stated (p. 238.), are conformable with the Hempstead 
beds, near Yarmouth, in the Isle of Wight. They consist of marls, 
clays, and limestones of freshwater^ brackish, and marine origin. 
Some of the most abundant shells, as Cyrena semistriata var., and 
Paludina lenta^ fig. 176. p. 238., mre common to this and to the over- 
lying Hempstead series ; but the majority of the species are dis- 
tinct. Tho following are the subdivisions described by Professor 
Forbes : — 
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a. Upper marls, distinguished by the abundance of Melania turritimma^ Forbes 

(fig. 211.). 

b. Lower marl, characterised by Cerithium mutahiU^ Cyrena pukhra^ &c., and 

by the remains of Trionyx (sec fig. 212.). 


Fig. 211. 


Fig. 212. 



Melania turrifissima, Forbes. 
Bcmbridge. 


Fr.iginent of Carapace of Trionyx. 
Bembridge Beds. Isle of Wight. 



j. Green marls, often abounding in a peculiar species of oyster, and accompanied 
by Ceritkiuj Mytilif an .rirca, a Nucula, &c. 


Fig. 213. 


Fig. 214. 


Fig. 215. 




Bulimux eUipticuSy Sow. 
Bembridge Limestone. 
^ nat. size. 


Helix occlusa, Edwards. 
Bembndee Limestone, 
Isle of Wight. 


Faludina orbicularis. Bembridge. 




d. Bembridge limestones, compact cream-coloured limestones alternating with 
shales and marls, in all of which laiid-shells arc common, especially at 


Fig. 216. 


Fig. 217. 






Planorhis discus, Edwards. Bem- 
bridge. 1 diam. 


Lymnea longiseata, Brard. 
Nat. size. 


Fig. 218. 



Chara tuberculaia, 
Bembridge Lime- 
stone, l.of Wiglit. 
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Sconce, near Yarmouth, as described by Kr. Edwards. The Bulimua ellip^ 
iicus, fig. 213., and Helix occlma^ fig. 214., are among iu best known land- 
shells. Paludina orhictilariM, fig. 215., is also of frequent occurrence. One 
of the bands is filled with a little globular Paludina, Among the freshwater 
pulmonifera, Lyntnea longiscata (fig. 217.) and Planarbu dUcus (fig. 216.) are 
the most generally distributed : the latter represents or takes the place of the 
Planorbis eutmphalus (see fig. 221.), of the more ancient Headon series. Chara 
iuberculata (fig. 218.) is the characteristic Bembridge gyrogonite. 


Fig. 219. 


From this formation on the shores of Whitecliff Bay, Dr. Mantell 
obtained a fine specimen of a fan palm, Flahellaria Lamanonis, 
Brong., a plant first obtained from beds of corresponding age in the 
suburbs of Paris. The well-known building-stone of Binstead, near 
Ryde, a limestone with numerous hollows caused by Cyren^B which 
have disappeared and left the moulds of their shells, belongs to this 
subdivision of the Bembridge scries. In the same Binstead stone Mr. 
Pratt and the Rev. Darwin Fox first discovered the remains of mam- 
malia characteristic of the gypseous series of Paris, as Palctotherium 
magnum (fig. 220.), P, medium^ P. minus^ P, 
mimimuniy P. curium^ P, crasmm ; also Ano^ 
plotherium commune (fig. 219.), A, secundarium^ 

Dichohune cervinum^ and Chceropotamus Cuvieri, 

The genus Paleothere, above alluded to, re- 
sembled the living tapir in the form of the head, 
and in having a short proboscis, but its molar 
teeth were more like those of the rhinoceros. 

Paleotherium magnum was of the size of a 
horse, three or four feet high. The annexed 
woodcut, fig. 220., is one of the restorations 
which Cuvier attempted of the outline of the 
living animal, derived from the study of the entire skeleton. As the 



Lower molar tooth, 
nat. size 

Anoplotkermm eommnne. 
Binstead, Isle of Wight. 


Fig. 220. 



vertical range of particular species of quadrupeds, so far a^ our 
knowledge extends, is far more limited than that of the testacea, 
the occurrence of so many species at Binstead, agreeing with fossils 
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of the Paris gypsum, strengthens the evidence derived from shells 
and plants of the synchronism of the two formations. 

Osborne or St. Helen's series, A. 2.— This group is of fresh and 
brackisli-water origin, and very variable in mineral character and 
thickness. Near jRyde, it supplies a freestone much used for build- 
ing, and called by Prof. Forbes the Nettlestone grit. In one part 
ripple-marked flagstones occur, and rocks with fucoidal markings. 
The Osborne, beds are distinguished by peculiar species of Paludina, 
Melania^ and Melanopsis, as also of Cypris and the seeds of Chara. 

Headon series, A. 3. — These beds are seen both in WhiteclitF Bay 
and in Headon Hill, or at the east and west extremities of the Isle 
of Wight. The upper and lower portions are freshwater, and the 
middle of mixed origin, sometimes brackish and marine. Everywhere 
Planorbis euomphnlus, fig. 221., characterizes the freshwater depo- 
sits, just as the allied form, P. discus, fig. 216., does the Bembridge 
limestone. The brackish-water beds contain Potamomya plana, 
Cerithium mutabile, and Potamides cinctus (fig. 44. p. 30.;, and the 


Fig. 221. 



• rig. 222 . 



Planorbis euoniphulH%. Sow. 
Headon Hill. ^ diarn. 


Helix^lahijrinthica. Say. Headon Hill, IsIp of Wight ; 
and Uordwell Cliff, U<iiit8~-also recent. , 




marine beds Venus (or Cytherea) incrassata, a species common to 
the Limburg beds and Gr5s de Fontainebleau, or the Lower Miocene 
series. The prevalence of salt-water remains is most conspicuous 
in some of the central parts of the formation. Mr. T. Wcb.ster, in 
his able memoirs on the Isle of Wight, first separated the whole 


Fig. 223. 



Neritina eoncava. 
Headon series. 


Fig. 224. 



Lvmnea caudata. 
Headon Beds. 


Fig. 229. 



Cerithium concavum. 
. lleauuii Series. 


* 

into a lower freshwater, an upper marine, and an upper freshwater 
division. 
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Amon^ the shells which are widely distributed through the Headon 
scries are Neritina concava (fig. 223. )| Lymnea caudata (fig. 224.), 
and Cerithium concavum (fig. 225.). Helix labyrinthica^ Say (fig. 
222.), a land-shell now inhabiting the United States, was discovered 
in this series by Mr. Wood in Hordwell Cliff. It is also met with in 
Headon Hill, in the same beds. At Sconce, in the Isle of Wight, it 
occurs in the Bembridge series, and affords a rare example of an 
Eocene fossil of a species still living, though, as usual in such cases, 
having no local connection with the actual geographical range of the 
species. 

The lower and middle portion of the Headon series is also met 
with in Hordwell CHAT (or Hordle, as it is often spelt), near Lyming- 
ton, Hants, where the organic remains have been studied by Mr. 
Searles Wood, Dr. Wright, and the Marchioness of Pastings. To 
the latter we are indebted for a detailed section of the beds as well 
as for the discovery of a variety of new species of fossil mammalia, 
chelonians, and fish ; also^ for first calling attention to the important 
fact that these vertebrata difier specifically from those of the Bem- 
bridge beds. Among the abundant shells of Hordwell are Palndina 
lenta and various species of Lymnea^ PlanorbiSy Melania^ Cyclas^ 
and UniOy Potamomya^ Dreissena^ &c. 

Among the chelonians we find a species of Emys^ and no less than 
six species of Trionyx ; among the saurians an alligator and a 
crocodile; among the ophidians two species of land-snakes {Paleryx, 
Owen) ; and among the fish Sir P. Egerton and Mr. Wood have 
found the jaws, teeth, and hard shining scales of the genus Lepi- 
dosteusy or bony pike of the American rivers. This same genus of 
freshwater ganoids has also been met with in the Hempstead beds 
in the Isle of Wight. The bones of several birds have been ob- 
tained from Hordwell, and the remains of quadrupeds. The latter 
belong to the genera Paloplotherium of Owen, Anoplotherium^ 
Anthracotheriuniy Dichodon of Owen (a new genus discovered by 
Mr. A. H. Falconer), Dichobuncy Spalacodon and Hycenodon. The 
latter offers, I believe, the oldest known example of a true carni- 
vorous animal in the series of British fossils, although I attach very 
little theoretical importance to the fact, because herbivorous species 
are those most easily met with in a fossil state in all save cavern 
deposits. In another point of view, however, this fauna deserves 
notice. Its geological position is considerably lower than that of 
the Bembridge or Montmartre beds, from which it differs almost as 
much in species as it does from the still more ancient fauna of the 
Lower Eocene beds to be mentioned in the sequel. It therefore 
teaches us what a grand succession of distinct assemblages of mam- 
malia flourished on the earth during the Eocene period. 

Many of the marine shells of the brackish-water beds of the above 
series, both in the Isle of Wight and Hordwell Cliff, are common 
to the underlying Barton clay; and, on the other hand, there are 


* Bulletin Soc. GeoL de France, 1852, p. 121. 
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some frcsliwator shells, such as Cyrena obovata^ which arc common 
to the Bembridge beds, notwithstanding tlic intervention of the St. 
Helen’s series. The white and green marls of the lleadon scries, 
and some of the accompanying limestones, often resemble the Eocene 
strata of France in mineral character and colour in so striking a 
manner, as to suggest the idea that the sediment was derived from 
the same region or produced contemporaneously under very similar 
geographical circumstances. 

At Brockenhurst, near Lyndhurst, in the New Forest, marine 
strata have recently been found, containing fifty-nine shells, of 
which many have been described by Mr. Edwards. These beds rest 
on the Lower Headon, and are considered as the equivalent of the 
middle part of the lleadon series, many of the shells being common 
to the brackish water or Middle Headon beds of Colwell and White- 
cliff Bays, such as Cancellaria muricata^ Sow., Fusus labiatiiSy 
Sow., &c. Baron von Eonen * has pointed out that tio less than 
forty-six out of the fifty-nine Brockenhurst shells, or a proportion 
of 78 per cent., agree with species occurring in Dumont’s Lower 
Tongrian formation in Belgium. This being the case, we might 
fairly expect that if we had a marine equivalent of the Bembridge 
series or of the contemporaneous Paris gypsum, we should find it to 
contain a still greater number of shells common to the Tongrian beds 
of Belgium, but the exact correlation of these freshwater groups 
of France, Belgium, and Britain, has not yet been fully made out. 
It is possible that the Tongrian of Dumont may be newer than the 
Bembridge series, and therefore referable to the Lower Miocene, 
according to the classification adopted by me in Chapter XIV. p. 215. 

If ever the whole series should be complete, we must be pre- 
jiared to find the marine equivalent of the Bembridge beds, or the 
uppermost Eocene, passing by imperceptible shades into the over- 
lying lowest Miocene strata. 

Among the fossils found in the Middle Headon arc Cyihered in- 
crassata and Cerithium plicatum^ fig. 173. p. 238. These shells, espe- 
cially tlie latter, are very characteristic of the Lower Miocene, and 
their occurrence in the Headon series has been cited as an ob- 
jection to the line proposed to be drawn between Miocene and 
Eocene. But if we were to attach importance to such occasional 
jiassages, we should soon find that no lines of division could be drawn 
anywhere, for in the present state of our knowledge of the Tertiary 
scries there will always be species common to beds above and below 
our boundary-lines. 

Both in Ilordwell ClifT and in the Isle ot Wight, the Headon beds 
rest on white sands, used for making glass, and constituting the 
upper member of the Barton scries, A. 4., p. 279., next to bo men- 
tioned. 

White sands and Barton clay^ A. 4. (Table, p. 279.) — In one of 
the upper and sandy beds of this formation, Dr. Wright found 

* Quart. Geol. Journal., vol. xx. p. 97. 186^. 
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Chama squamosa in great plenty. The same sands contain impres- 
sions of many marine shells (especially in Whitecliff Bay) common 
to the upper Bagshot sands afterwards to be described. The un- 
derlying Barton clay has yielded about 252 marine 
shells, more than half of them, according to Mr. Prest- 
wich, peculiar ; and only about one in twenty being 
common to the London clay proper, a much older 
Eocene group (see p. 289.), with which the Barton 
clay was formerly confounded. About one- third of 
the Barton clay shells agree specifically with those of 
the calcaire grossier of the Paris basin.* It is nearly 
a century since Brander published, in 1766, an ac- Chama squamota. 
count of the organic remains collected from these 
Barton and Ilordwell cliffs, and his excellent figures of the shells 
then deposited in the British Museum are justly admired by con- 
chologists for their accuracy. 


rij?. 220. 



SHELLS OP THE BARTON CLAY, HANTS. 

Certain foraminifera called Nummulites begin, when we study 
the tertiary formations in a descending order, to make their first 


Fig. 227. 


Fig. 22«. 


Fig. 229. 


Fig. 230. 




Mitra scabra. Valuta amhigua. 


Typhit pungens. 


Valuta athMa. Barton 
aud Brackleshani. 




Fig. 231. 



Tcrebcllum fmi- 
formf. Bn ton 
.md Brack lea- 
ham. 


Fig. 232. 


Ti'reht'Uwn *o- 
Brander, 

Lam. 

Seraphs ronvo- 
lutum, Montf. 


Fig. 233. 



Cardita sulcata. 


Fig. 234. 



CrassaieUa sulcata. 


appearance in these Barton beds. A small species called A ummuUtc,t 
variolaria is found both on the Hampshire coast aud in beds ot the 


* Quart. Gcol. Journ., vol. xiii. p. 134.: London, 1857. 
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same age in Whitecliff Bay, in the Isle of Wight. Several marine 
shells, such as Corhula pisum^ are common to the Barton beds and 
the Hempstead or Lower Miocene series, and a still greater number, 
as before stated, are common to the Ileadon scries. 

MIDDLE EOCENE, ENGLAND. 

Bagshot and Bracklesham beds, B. — The Bagshot beds, consisting 
chiefly of siliceous sand, occupy extensive tracts round Bagshot, in 
Surrey, and in the New Forest, Hampshire. They may be separated 
into three divisions, the upper and lower consisting of light yel- 
low sands, and the central of dark green sands and brown clays, 
the whole reposing on the London clay proper.* The uppermost 


Fig. 235 . 



Venericardia planicosta. Lam. 

Cardita planicosta, Dcshnyei. 

division is probably very nearly related in age to the Barton scries. 
Although the Bagshot beds are usually devoid of fossils, they contain 
marine shells in some places, among which Venericardia planicosta 
(see fig. 23o.) is abundant, with Turritella sulciferanMd Nummulites 
IcBvifjata (see fig. 239. p. 287.). 


Fig. 236. 



Paligophis typhoeus, Owen ; an Eocene ica-nerpent. Brackletham. 
a. b. vertebra, with long neural spine preserved. c. two vertebric in natural articulation. 

At Bracklesham Bay, near Chichester, in Sussex, the characteris- 
tic shells of this member of the Eocene series are best seen ; among 


* Prestwich, Quart. Geol. Journ., vol. iii. p. 386 . 
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others, the huge Cerithium giganteum^ so conspicuous in the calcaire 
grossier of Paris, where it is sometimes two feet in length. The 
volutes and cowries of this formation, as well as the lunulites and 
corals, seem to favour the idea of a warm climate having prevailed, 
which is borne out hy the discovery of a serpent, PaliBophis typhoeus 
(see fig. 236.), exceeding, according to Professor Owen, twenty feet 
in length, and allied in its osteology to the Boa, Python, Coluber, 
and Hydrus. The compressed form and diminutive size of certain 
caudal vertebras indicate so much analogy with Hydrus as to induce 
Professor Owen to pronounce this extinct ophidian to have been 
marine.* He had previously combated with much success the evi- 
dence advanced to prove the existence in the Northern Ocean of 
huge sea-serpents in our own times, but he now contends for the 
former existence in the British Eocene seas of less gigantic serpents, 
when the climate was probably more genial ; for amongst the com- 
panions of the sea-snake of Bracklesham was an extinct Gavial 
{Gavialis Dixoni^ Owen), and numerous fish, such as now frequent 
the seas of warm latitudes, as the ostraceont fish, of which a spine 
is figured (see fig. 237.), and gigantic rays of the genus Myliobates 
(see fig. 238.). 

Fig. 237. 



Dental platet of Myliobates Edipardsi, 
Bracklesham Day. Ibid. PI. 8. 


Nutnmulites ( XunHImlaria) lettigata, 
Bracklesham. Ibid. PI. 8. 

а. section of the nummullte. 

б. group, with an Individual showing the exterior 

of the shell. 


The teeth of sharks also, of the genera Carcharadotiy Otodus^ 
Lamua^ Galeocerdoy and others, are abundant. (See figs. 240, 241, 
242, 243.) The Nummulites Icevigata (see fig. 239.), so characteris- 
tic of the lower beds of the calcaire grossier in France, vvhere it 
sometimes forms stony layers, as near Compiegne, is very common at 
Bracklesham, together with N. scabra and N, variolaria. Out of 
193 species of testacea procured from the Bagshot and Bracklesham 
beds in England, 126 occur in the calcaire grossier in France. It 
was clearly, therefore, coeval with that part of the Parisian series 
more nearly than with any other. 


* Fulccont. Soc. Munograph. Kept., Ft. ii. p. 61. 



288 BRACKLESHAM BEDS. [Cb. XVf. 


Fig. 240. Fig. 241. Fig. 243. Fig. 213. 



Circharodon heUrodon, Aga<4. Otodus ohliquus, Lamiia cicgans, itatvocrrdo latidens 

AKass. Agaa«. 

Teoth of sharks from Brackicsh.im B i v. 


Marine Shells of Bracklesham Beds, 

Fig. 214. Fig.24.\ Fig. 210. Fig. 247 Fig 24H. 



kuroturnn atlenuata^ I ohita Sri- Turritrlln Lucinn .frrmfa,Y)\\on. Cunutdrprr- 

Suw. stirnsis, mtUthncata^ MagnIHeii. dttut. 

FUwards. JUam. 


VEGETATION OF MIDDLE EOCENE PERIOD. 

The plants of Alum Bay in the Isle of Wight, and of Bournemoutli, 
on the south coast of Hampshire, embedded in white clays of the 
Middle Eocene series, bear a great resemblance generally to those 
of the Miocene period, as described in the last chapter ; but the 
species are with very few exceptions (juite. distinct. Forty of these 
are mentioned by MM. de la Ilarpe and (laudin, among which the 
J'roteaceas {Dryandra, &c.), and the fig tribe are abundant, as well 
as the cinnamon and several other laurineie, with some papilio- 
naceous plants. On the whole they remind the botanist of the 
types of tropical India and Australia.* 

Heer has mentioned several species which are common to this 
Alum Bay flora and that of Monte Bolca, near Verona, so cele- 
brated for its fossil fish, and where the strata contain nummulites 
and other Middle Eocene fossils-t He has particularly alluded to 

* Hccr, Clirnat ct Vegctsitiim ilu Pays Turtiairc, j). 172. 
t For remarks ou the Monte Bolca rocks, see below, Chap. XXXII. 
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Aralia primigenia^ De la Harpe ; Daphnogene Veronenns^ Massalongo 
8p. ; and Fictu granadUla^ Mass, sp., as among the species common to 
and characteristic of the Isle of Wight and Italian Eocene beds ; 
and he observes that in the flora of this period those forms of a 
temperate climate which constitute a marked feature in the Euro- 
pean Miocene formations, such as the willow, poplar, birch, alder, 
elm, hornbeam, oak, fir, and pin^ are wanting. The American 
types are also absent, or much more feebly represented than in 
the Miocene period. The number of exotic forms which are com- 
mon to the Eocene and Miocene strata of Europe demonstrate the 
remoteness of the times in which the geographical distribution 
of living plants originated. A great majority of the Eocene genera 
have disappeared from our temperate climates, ^but not the whole 
of them ; and they must all have exerted some influence on the 
assemblage of species which succeeded them. Many of the.«e are 
indeed so closely allied to the flora now surviving as to make it 
questionable, even in the opinion of naturalists opposed to the doe- 
trine of transmutation, whether they are not genealogically related 
the one to the other. 


LOWER EOCENE FORMATIONS, ENGLAND. 


London Clay proper (C. 1., Table, p. 279.). — This formation un- 
derlies the preceding, and consists of tenacious brown and blueish- 
gray clay, with layers of concretions called septaria, which abound 
chiefly in the brown clay, and are obtained in sufficient numbers 
from sea-clifFs near Harwich, and from shoals off the Essex coast. 


to be used for making Roman cement. The principal localities 
of fossils in the London clay are Highgate Hill, near London, 
tiie island of Sheppey, and Bognor in Hampshire. Out of 133 
fossil shells, Mr. Prestwich found only 20 to be common to the cal- 
caire grossier (from which 600 species have been obtained), while 
33 are common to the “ Lits Coquilliers ” (p. 302.), in which 200 


species are known in France. ' We may pre- 
sume, therefore, that the London clay pro- 
per is older than the calcaire grossier. This 
may perhaps remove a difficulty which M. 
Adolphe Brongniart has experienced when 
comparing the Eocene Flora of the neigh- 
bourhoods of London and Paris. The fossil 
species of the island of Sheppey, he ob- 
serves, indicate a much more tropical climate 
than the Eocene Flora of France. Now the 
latter had been derived principally from the 
Uppermost Eocene or gypseous series, and 
resembles the vegetation of the borders of 
the Mediterranean rather than that of an 


* rig.S49. 



.MmuffW eutpriens^ «ow. 
Fossil fruit of pnlm, frt>iii Shepp**)'. 


equatorial region ; whereas the older flora of Sheppey belongs to an 
antecedent epoch, separated from the period of the Paris gypsum 
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by all the Barton and Baj^shot series — in short, l)y the eciuivalents 
of the fireat nuunnulitle series of eontineiital writers. 

Mr. Bowerbunk, in a valuable publication on tin? lossil fruits mid 
seeds of the island of Sheppey, near London, lias iloeribed no K >s 
than thirteen fruits of palms of the recent type now only 

found in the Molucca and IMiilippine Islands and in Jicn^^al (.'i?e 
fig. 249 .). In the delta of the Ganges, Di . Hooker ob'i(*rved the 
large nuts of Nipa fruticans iloating in such minibers in the 
various arms of that groat river, as to obstruct the paddle-wheels of 
steam-boats. These plants are allied to the cocoa-nut tribe on the 
oue side, and on the other to the Pandantts^ or screw-pine. The 
fruits of other palms besides those ot the (Ku oa-nut tribe are also met 
with ill the clay of Sheppey ; also three species id* Ano/tn^ or custard 
apple ; and cucurbitaceous fruits (of the g(»iird ainl nudon family) 
are in considerable abundance. Fruits of viirions spi'cies Avacia 
arc in profusion, aud these, although less decidedly tropical, imply a 
warm climate. 

The contiguity of land may be inferred not only from these vege- 
table productions, but also from the teeth mid bones of crocodiles 
and turtles, since these creatures, as Dean (’onybeare remarked, 
must have n*sortcd to some shore to lay their <*ggs. Of turtles ther<* 
Were numerous species referred to extinct genera, 'fhescj ar**. for the 
ino^t part, not e<pial in size to the largest Ii\ ing tropical turtles. A 
soa-snake, which must have been thirtcmi feet long, of the gcims 
Pfiltpophis before mentioned (p. ), has also been de>cribed by Fndl 

Owen from Sheppey, of a dilferent species Ironi that of Brackle>- 
hani. A true crocodile, also, Crocodiius tidiapicttSy and another 
saurian more ni‘ariy allied to tliegavial, accompany the above fbssiL; 
al-o the relics of several birds and quadrupeds. One of these last 
belongs to the new llpracothcrium of (Jwen, of the hog tribe, 

allied to Cliaeropotamus ; another is a Lophiodon; a third a pachy- 
derm called Coryphodon eocanus by Owen, larger than any existing 
tapir. All these animals seem to have inhabited the banks of the 
great river which floated down the Slieppey fruits. They imply the 
existence of a mammiferous fauna antecedent to the period when 
nummulites flourished in Europe and Asia, and therefore before the 
Alps, Pyrenees, and other mountain-chains now forming the back- 
bones of great continents, were raised from the deep; nay, even 
before a part of the constituent rocky masses now entering into the 
central ridges of these chains had been deposited in the sea. 

The marine shells of the London clay confirm the inference de- 
rivable from the plants and reptiles in favour of a high tempera- 
ture. Thus many species of Conus and Voluta occur, a largo Cypreta^ 
C. oviformiSy a very large liostellaria (fig. 252 .), [i sjiecies of Cancel- 
laria^ six species of Nautilus (fig. 254 .), besides other C«?phulopoda 
of extinct genera, one of tlic most remarkabfo of which is the Belo- 
sepia * (fig, 255 .). Among many ciiuracteristic bivalve shells are 

♦ For description of Eocene Cephalopoda, sec Monograph by F. E. Edwards, 
PaLvontograph. Soc., 1849. 
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Leda amygdalmde.s (fig. 256.) and Cryptodon dnyulatum (fig. 257.), 
and ainong tlie Kadiata a ntar-fish called Astropecten (fig. 258.;. 

TliCHC fossils are accompanied by a sword-fish ( Tetrapterus pris^ 
cus^ Aga&siz), about eight feet long, and a saw-fish (Pristis bisulcn- 
tnsy Ag.), about ten feet in length ; genera now foreign to the Briti.-h 
seas. On the whole, no less than fifty species of fish have been de- 
scribed by M. Agassiz from these beds in Sheppey, and they indicate, 
in his opinion, a warm climate. 


FOSSIL SHELLS OF THE LONDON CLAY. 


Fig. 250. Fig. 251. 


Valuta notiosa. Sow. Phorus cxtcn$u<s^ 

HiK»>nate. Sow. Highgate. 

Fig. 253. 



Kautiius centralist Sow. Highgate. 


Fig. 254. 


Aturia virxaCt Brown and Kdwardf. ' 
Svn Nautilus atouic. Sow. 
London clay. Sheppey. 


Fig. 252. 



Fig. 255. 



Belosepia sepimdea, De Blainr 
London clay. Sheppey. 






Fig. 256. 



Leda nmy/tdaloidet, 
Highgate. 


Flg.2.'>7. 



Cmtodon angulatum* 
London rijiv. 


Fig. 258. 


Astropecten crispatus. 

V. Fnriw... 
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STUATA OF KYSON IN ^umlIi.v. 


Strata of Kt/son in Suffolk, — At Kyson, ;i low miles ea^t ol 
Woodbridgo, a bed of Eocene clay, twelve fo<‘t thick, u«dt‘rrM*s the 
red crag. Beneath it is a deposit of yellow and whiter sand, ol con- 
siderable interest, in consequence of many ptxniliar fossils <‘ontainccl 
in it. Its geological position is probably tin- lowest part of lh(5 
London clay proper. In this sand have been found roinainH ol an 
opossum {Diddphys) (see fig. 259.), and an insectivorous hat (fig. 
260.), together with many teeth of fishes oi‘ tlie shark family^ Air. 
ColchesteTy in 1840, obtained other mammalian relics from Kyson, 
among which Prof. Owen has recognized several teeth of the genus 
Hyracoiherium (fig. 261.), and the vertebrje of a large serpent, pro- 
bably a PaliBophis. As the remains both of the Hyracothermm and 
Palaopkis were afterwards met with in thh London clay, as before 
remarked, these fossils confirmed the opinion previously entertained, 
that the Kyson sand belongs to the Lower Eocene period. A fossil 
lower jaw with teeth from the same bed was at first referred by 


Fig. 25U. 



Molar tooth ami part of jaw 
of opn«aiiin. 

From K>sou.* 


Fig. 260 , 


Molara of inaectIrnrnuY bata, 
twu'o nat. sizt*. 

From Kyson, SulTolk. 


Fig. 261. 


Molar of Uyracuthcrium. 


Prof. Owen, in 1840, to a monkey called jSkicacus eocanus^ find after- 
wards Eopithecus ; but he has since (1862) retracted this opinion, 
and, on re-exaniination, and with more ample materials at his com- 
mand, has pronounced it to belong to a ITyracotherium. There is 
now, therefore, no Eocene monkey known to palaeontologists unless 
Al. Riitimeyer is right in referring to this family a small fragment 
of a jaw with three molar teeth, found in the Upper Eocene strata 
of the Swiss Jura. 

Plastic or mottled clays and sands (C. 2., p. 279.). — The clays 
called plastic, which lie immediately below the London clay, received 
their name originally in France from being often used in pottery. 
Beds of the same ago (the Woolwich and Reading series of Prest- 
wich) are used for the like purposes in England.f 

No formations can be more dissimilar on the whole in mineral 
character than the Eocene deposits of England and Paris ; those of 
our own island being almost exclusively of mechanical origin, — 
accumulations of mud, sand, and pebbles ; while in the neighbour- 
hood of Paris we find a great succession of strata 'composed of lime- 
stones, some of them siliceous, and of crystalline gypsum and siliceous 
sandstone, and sometimes of pure flint used for millstones. Hence 

* Annals of Nat. Hist. vol. iv. No. 23., Nov. 1839. 
t Prcstwich, Waterbearing Strata of London, 1851. 
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it is by no means an easy task to institute an exact comparison be- 
tween the various members of the English and French series, and to 
settle tlwiir respective ages. It is clear that, on the sites both of 
Paris and London, a continual change was going on in the fauna and 
flora by the coming in of new species and the dying out of others ; 
and contemporaneous changes of geographical conditions were also 
in progress in consequence of the rising and mking of the land and 
bottom of the sea. A particular subdivision, therefore^ of time was 
occasionally represented in one area by land, in anothei^ by an estu- 
ary, in a third by the sea, and even where the condkions were in both 
areas of a marine character, there was often shallow water in one, 
atid deep sea in another, producing a want of agreement in the state 
of animal life. 

But in regard to that division of the Eocene series which we have 
now under consideration, we find an exception to the general rule, 
for, whether we study it in the basins of London, Hampshire, or 
Paris, we recognize everywhere the same mineral character. This 
uniformity of aspect must be seen in order to be fully appreciated, 
since the beds consist simply of mottled clays and sand, with lignite 
and well-rolled Hint pebblesi derived from the chalk, and varying in 


ITig. 262 . 




Fig. 263. 



Melania inquinata^ Des. Nat. size. 
Syii. Certthtum fnclanoides, Miu. Con. 


size from that of a pea to an egg. These strata may be seen in the 
Isle of Wight in contact with the chalk, or in the London basin, at 
Reading, Blackhedth, and Woolwich. In some of the lowest of them, 
banks of oysters are observed, consisting of Ostrea bellovacina^ so 
common in France in the same relative^position, and Ostrea edulina^ 
scarcely distinguishable from the living eatable species. In the same 
beds at Bromley, Dr. Buckland found one lai'ge pebble to which five 
full-grown oysters were afiixed, in such a manner as to show that 
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they bad commenced their first growth upon it, and remained 
attached to it through life. 

In several places, as at Woolwich on the Thames, at Newhaven in 
Sussex, and elsewhere, a mixture of marine and freshwater testacea 
distinguishes this member of the scries. Among the latter, Melania 
inquinata (see fig. and Cyrena cuneiformis (see fig. 2()2.) are 
very common, as in beds of corresponding ago iii France. They 
clearly indicate points where rivers entered tlu‘ Eocene sea* Usually 
there is a mixture of brackish, freshwater, and marine shells, and 
sometimes, as at Woolwich, proofs of the river and the sea having 
successively prevailed on the same spot. At New Charlton, in the 
suburbs of Woolwich, M. de la Condaniine discovered in 1849, and 
pointed out to me, a layer of sand associated with well-rounded flint 
pebbles in which numerous individuals of the Cyrena tellinella were 
seen standing endwise with both their valves united, the posterior 
extremity of each shell being uppermost, as would happen if tlie 
mollusks had died in their natural position. I have described * a 
bank of sandy mud, in the delta of the Alabama Riv>.T at Mobile, on 
the borders of the Gulf of Mexico, where in 1846 1 dug out at low 
tide specimens of living species of Cyrena and of a Gnathodon^ which 
wore similarly placed with their shells erect, or in a position which 
enables the animal to protrude its siphon upwards and draw in or 
reject water at pleasure. The water at Mobile is usually fresh, but 
sometimes brackish. At Woolwich a body of river-water must have 
flowed })ernianently into the sea where the Cyrena* lived, and they 
may liave been killed suddenly by an influx of pure salt water, which 
invaded the spot when the river was low, or when a subsidence of 
land took place. Traced in one direction, or eastward towards Herne 
Bay, the Woolwich beds assume more and more of a marine charac- 
ter ; while in an opposite, or south-westeni direction, they become, 
as near Chelsea and other places, more freshwater, and contain Unio, 
Pnbtdina, and layers of lignite, so that the laud drained by tho 
ancient river seems clearly to have been to the south-west of the 
present site of the metropolis. 

Before the minds of geologists had become familiar with the 
theory of tho gradual sinking of land, and its conversion into sea 
at different periods, and the consequent change from shallow to deep 
water, the freshwater and littoral character of this inferior group 
appeared strange and anomalous. After passing through hundreds 
of feet of London clay, proved by its fossils to have been deposited 
in deep salt water, we arrive at hods of fluviatile origin, and in the 
same underlying formation masses of shingle, attaining at Black- 
heath, near London, a thickness of 50 feet, indicate the proximity of 
land, where the flints of the chalk were rolled into sand and pebbles, 
and spread continuously over wide spaces. Such shingle always 
appears at the bottom of the scries, whether in tho Isle of Wight, or 
in the Hampshire or London basins. It may be asked why they did 


* Second Visit to tho United States, vol. ii. p. 104 . 



for on an ancient sea-shore. In reply, Mr. Prestwich has suggested 
that such zones of shingle may haire been slowly formed on a large 
scale at the period of the Thanet sands (C. 3., p. 279.), And while the 
land was sinking the well-rolled pebbles may have been dispersed 
simultaneously over considerable areas, and exposed during gradual 
submergence to the action of the waves of the sea, aided occasionally 
hy tidal currents and river floods. 

Thanet sands (C. 3., p. 279.). — The mottled or plastic clay of the 
Isle of Wight and Hampshire is often seen in actual contact with 
the chalk, constituting in such places the lowest member of the 
British Eocene series. But at other points another formation of 
marine origin, characterized by a somewhat different assemblage of 
organic remains, has been shown by Mr. Prestwich to intervene 
between the chalk and the Woolwich series. For these beds he has 
j)roposed the name of “Thanet Sands,” because they are well seen 
in the Isle of Thanet, in the northern part of Kent, and on the sea- 
coast between Herne Bay and the Reculvers, where they consist of 
sands with a few concretionary masses of sandstone, and contain 
among other fossils Pholadomya cuneata^ Cyprina MorrUii, Corbula 
longirostris^ Scalaria Bowerbankii^ &c. The greatest thickness of 
these beds is about 90 feet. 


GENERAL TABLE OF FRENCH EOCENE STRATA. 

UPPER EOCENE. 

French subdivisions. English eqiiii'alents. 

A. 1. Gypseous series of Montmartre. 1. Cembridge series, p. 279. 

A. 2. Calcaire siliceux, or Travertin 2. Osborne and Ueadon series, p. 2S2. 
Infericur. 

A. 3. Gres de Beauchamp, or Sables 3. White sand and clay of Barton Cliff, 

Moyens. Hants. 

BIIODLE EOCENE. 

B. 1. Calcaire Grossicr. 1. Bagshot and Bracklesham beds. 

B. 2. Soissoimais Sands, orLits Coquil- 2. Wanting. 

liers. 


LOWER EOCENE. 

C. 1. Argile de Londres at base of Hill 1. London Clay. 

of Casscl, near Dunkirk. 2. Blastic clay and sand with lignite 

C. 2. Argile plastiqiic and lignite. (Woolwich and Heading series). 

C. 3. Sables de Bracheux. 3. Thanet sands. 

The tertiary formations in the neighbourhood of Paris consist of a 
scries of marine and freshwater strata, nlternating with each other, 
and filling up a •depression in the chalk. The area which they 
occupy has been called the Paris basin, and is about 180 miles in its 
greatest length from north to south, and about 90 miles in breadth 
from east to west (see Map, p. 219.). MM. Cuvier and Brongniart 
attempted, in 1810, to distinguish five difierent groups, comprising 
three freshwater and two marine, which were supposed so imply 
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that the waters of the ocean, and of rivers and lakes, had been by 
turns admitted into and excluded from the same area. Investiga- 
tions since made in the Hampshire and London basins have rather 
tended to confirm these views, at least so far as to show that since 
the commencement of the Eocene period there have been great 
movements of the bed of the sea, and of the adjoining lands, and that 
the superposition of deep sea to shallow water deposits (the London 
clay, for example, to the Woolwich beds) can only be explained by 
referring to such movements. Nevertheless, it appears, from the 
researches of M. Constant Prevost, that some of the minor alterna- 
tions and intermixtures of freshwater and marine deposits, in the 
Paris basin, may be accounted for by imagining both to have been 
simultaneously in progress, in the same bay of the same sea, or a 
gulf into which many rivers entered. 

Gi/pseoiis scries of Montmartre . — To enlarge on the numerous 
subdivisions of the Parisian strata would lead me beyond my present 
limits ; I shall therefore give some examples only of the most im- 
portant formations enumerated in the foregoing Table, p. 295. 

Beneath the Gres de Fontainebleau, often called ‘‘ Upper marine 
sands,” and belonging to the Lower Miocene, as before stated, we 
liiid, in the neighbourhood of Paris, a series of white and green 
marls, with subordinate beds of gypsum. A., Table, p, 295. These are 
most largely developed in the central parts of the Paris basin, and, 
among other places, in the hill of Montmartre, where its fossils were 
first studied by Cuvier. 

The gypsum quarried there for the manufacture of plaster of 
Paris occurs as a granular crystalline rock, and, together with the 
associated marls, contains land and fiuviatile shells, together with 
the bones and skeletons of birds and quadrupeds. Several land- 
plants are also met with, among which are fine specimens of the fan 
palm or palmetto tribe {Flabellarid), The remains also of fresh- 
water fish, and of crocodiles and other reptiles, occur in the gypsum. 
The skeletons of mammalia are usually isolated, often entire, the 
mo&t delicate extremities being preserved ; as if the carcases, clothed 
with their fiesh and skin, had been fioated down soon after deatli, 
and while they were still swollen by tlie gases generated by their 
firat decomposition. The few accompanying shells are of those light 
kinds which frequently float on the surface of rivers, together with 
wood. 

M. Prevost has therefore suggested that a river may have swept 
awsiy the bodies of animals, and the plants which lived on its borders, 
or in the lakes which it traversed, and may have carried them down 
into the centre of the gulf into which flowed the waters impregnated 
with sulphate of lime. Wo know that the Fiume 8also in Sicily 
enters the sea so charged with various salts that the thirsty cattle 
refuse to drink of it. A stream of sulphureous water, as white as 
milk, descends into the sea from the volcanic mountain of Idienne, 
on the east of Java; and a great body of hot water, charged with 
sulphuric acid, rushed down from the same volcano on one occasion, 
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and inundated a large tract of country, destroying, by its noxious 
properties, all the vegetation.* In like manner the Pusanibio, or 
“ Vinegar River,” of Columbia, which rises at the foot of Purace, an 
extinct volcano, 7500 feet above the level of the sea^ is strongly 
impregnated with sulphuric and hydrochloric acids and with oxide 
of iron. We may easily suppose the waters of such streams to have 
properties noxious to mayne animals, and in this manner the entire 
absence of marine remains in the ossiferous gypsum may be ex- 
plained.! There are no pebbles or coarse sand in the gypsum ; a 
circumstance which agrees well with the hypothesis that these beds 
were precipitated from water holding sulphate of lime in solution, 
and floating the remains of diflerent animals. 

In this formation the relics of about fifty species of quadrupeds, 
including the genera Paleotherium (see fig. 220.), Anoplolherium 
(see fig. 219.), and others, have been found, all extinct, and nearly 
four-lifths of them belonging to the Perissodactyle or odd-toed 
division of the order Pachydermata^ which now contains only four 
living genera, namely, rhinoceros, tapir, horse, and hjrax. With 
them a few carnivorous animals are associated, among which are the 
Ilycenodon dasyuroides^ a species of dog, Canis Parisiensis, and a 
weasel, Cynodon Parisiensis, Of the Rodentia are found a squirrel ; 
of the Cheiroptera^ a bat ; while the Marsupialia (an order now 
conflned to America, Australia, and some contiguous islands) are 
represented by an opossum. 

Of birds, about ten species have been ascertained, the skeletons of 
some of which are entire. None of them are referable to existing 
species*! The same remark applies to the fish, according to MM. 
Cuvier and Agassiz, as also to the reptiles. Among the last are 
crocodiles and tortoises of the genera Emys and Trionyx, 

The tribe of land quadrupeds most abundant in this formation is 
such as now inhabits alluvial plains and marshes, and the banks of 
rivers and lakes, a class most exposed to sufler by river inundations. 
Among these were several species of Paleotherium^ a genus before 
alluded to (^p. 281.). These were associated with the Anoplotherium, 
a tribe intermediate between pachyderms and ruminants. One of 
the three divisions of this family was called by Cuvier Xiphodon, 
Their forms were slender and elegant, and one, named Xiphodon 
gracile (fig. 264«.), was about the size of the chamois ; and Cuvier 
inferred from the skeleton that it was as light, graceful, and agile as 
the gazelle. 

When the French osteologist declared, dn the early part of the 
present century, that all the fossil quadrupeds of the gypsum of 
Paris were extinct, the announcement of so startling a fact, on such 
high authority, created a powerful sensation, and from that time* a 
new impulse was given throughout Europe to the progress of geo- 

♦ Lcyde Magaz.voorWctensch Konst f M. C. Provost, Sobmersions Itera- 
enLett., panic v. cuhier i. p. 71. Cited tives, &c. Note 23. 
by Rozet, Journ. de Geologie, tom. i. i Cuvier, Oss. Poss., tom. iii. p. 255. 

p. 43. 
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logical investigation. Eminent naturalists, it is true, had long before 
maintained that the shells and zoophytes met with in many ancient 
European rocks had ceased to be inhabitants of the earth, but the 
majority even of the educated classes continued to believe that the 


Fig. 364. 



Xiphodon gracilt’^ or Anoplothcrium sracih\ Cuvier. Restored outline. 

species of animals and plants, now contemporary with man, were the 
same as tliose which had been called into being when the planet 
itself was created. It was easy to throw discredit upon the new 
doctrine by asking whether corals, shells, and other creatures ])re- 
viously unknown, were not annually discovered ? and whether living 
forms corresponding with tlie fossils miglit not yet be dredged up 
from seas hitherto unexamiiied ? But from the era of the publication 
of Cuvier’s “ Ossements Fossile.s,” and still more his popular Treatise 
called “ A Theory of the Earth,” sounder views began to prevail. 
It was clearly demonstrated that most of the mammalia found in the 
gypsum of Montmartre differed even generically from any now 
known to exist, and the extreme improbability that any of theip, 
especially the larger ones, would ever be found surviving in conti- 
nents yet unexplored, was made manifest. Moreover, tlie non-ad- 
mixture of a single living species in the midst of so rich a fossil 
fauna was a striking proof that there had existed in that region a 
state of the earth’s surface zoologically unconnected with the 
present. 

Fossil footprints . — There are three superimposed masses of gyp- 
sum in the neighbourhood of Paris, separated by intervening deposits 
of laminated marl. In the uppermost of the three in the valley of 
Montmorency M. Desnoyers discovered in 1859 many footprints of 
animals occurring at no less than six different levels.* The gypsum 
to which they belong varies from thirty to fifty feet in thickness, and 
i.s that which has yielded to the naturalist the largest number of 
bones and skeletons of mammalia, birds, and reptiles. 1 visited the 

* Sur des Empreintes de Fas d* Animaux, par M. J. Desnoyers. Coinpte Bendu 
de rinstitut, 1859. 
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quarries, soon after the discoverj was made known, with M. Des** 
nojei's, who also showed me large slabs in the Museum at Paris, 
where, on the upper planes of stratification, the indented foot- 
marks were seen, while corresponding casts in relief appeared on 
the lower surfaces of the strata of gjpsum which were immediately 
superimposed. A thin film of marl, which before it was dried and 
condensed by pressure must have represented a much thicker layer 
of soft mud, intervened between the beds of solid gypsum. On this 
mud the animals had trodden, and made impressions which had pene- 
trated to the gypseous mass below, then evidently unconsolidated. 
Tracks of the Anoplotherium with its bisulcate hoof, and the trilobed 
footprints pf Palcotherium, were seen of difierent sizes, corresponding 
to those of several species of these genera which Cuvier had re- 
constructed, while ill the same beds were footmarks of carni- 
vorous mammalia. The tracks also of fiuviatile, lacustrine, and ter- 
restrial tortoises {Emys^ TrionyXy &c.) have been discovered, also 
those of crocodiles, iguanas, geckos, and great batrachians, and the 
footprints of a huge bird, apparently a wader, of the size of the 
gastornis, to be mentioned in the sequel. There were likewise 
impressions of the feet of other creatures, some of them clearly dis- 
tiiiguishaide from any of the fifty extinct types of mammalia, of 
which the bones have been found in the Paris gypsum. The whole 
assemblage, says Desnoyers, indicate the shores of a lake, or several 
small lakes communicating with each other, on the borders of which 
many species of Pachydermes wandered, and beasts of jirey which 
occasionally devoured them. The toothmarks of these last bad been 
detected by palasontologists long before on the bones and skulls of 
Paleotheres entombed in the gypsum. 

These footmarks have revealed to us new and unexpected proofs 
lhat the air-breathing fauna of the Upper Eocene period in Europe 
far surpassed in the number and variety of its species the largest 
estimate which had previously been formed of it. We may now feel 
sure that the mammalia, reptiles, and birds, which have left portions 
of their skeletons as memorials of their existence in the solid gypsum, 
constituted but a part of the then living creation. Similar inferences 
may be drawn from the study of the whole succession of geological 
records. In each district the monuments of periods embracing 
thousands, and probably in some instances millions of years, are 
totally wanting. Even in the volumes which are extant the greater 
number of the pages are missing in any given region, and where 
tliey are found they contain but few and casual entries of the phy- 
sical events or living beings of the times to which they relate. It 
may also be remarked that the subordinate formations met with in 
two neighbouring countries, such ns France and England (the minor 
Tertiary groups above enumerated), commonly classed as equivalents 
and referred to corresponding periods, may nevertheless have been 
by no means strictly coincident in date. Though called contempo- 
raneous, it is probable that they were often separated by intervals of 
hundreds of thousands of years. We may compare them to doub e 
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stars, which appear single to the naked eye because seen from a Vast 
distance in space, and which really belong to one and tlie same 
stellar system though occupying places in space extremely remote 
if estimated by our ordinary standard of terrestrial measurements. 

Calcaire siliceux^ or Trttvertin inferieur (A. 2., p. 295.). — This 
compact siliceous limestone extends over a wide urea. It resembles 
a precipitate from the waters of mineral springs, and is often tra- 
versed by small empty sinuous cavities. It is, for the most part, 
devoid of organic remains, but in some places contains freshwater 
and land species, and never any marine fossils. Tim calcaire 
siliceux and the calcaire grossier usually occupy distinct parts of the 
Paris basin, the one attaining its fullest development in those 
places where the other is of slight thickness. They are described 
by some writers as alternating with each other towards the centre of 
tiic basin, as at Sergy and Osny. 

The gypsum, with its associated marls before described, is in 
greatest force towards the centre of the basin, where the calcaire 
grossier and calcaire siliceux are less fully developed. 

Gr^$ de Beauchampy or tables mot/ens (A. 3., p. 295.). — In some 
l>arts of the Paris basin, sands and marls, called the Gr<*s de Peau- 
champ, or Sables moyens, divide the gypseous beds from the calcaire 
grossier proper. These sands, in which a small iiummulite (A'. 
variolaria) is very abundant, contain more than 300 species of marine 
shells, many of them peculiar, but others common to the next division. 

Calcaire grossier^ upper and middle (B. 1., p. 295.). — The upper 
division of this group consists in great part of beds of compact, 
fragile lime.^tone, with some intercalated green marls. The shells 
ill some parts are a mixture of Cerithiuniy Cgcloslomay Corbula; 
in others Limnea, Cerithiumy Pahidinay &c. In the latter, the 
bones of reptiles and mammalia, Paleotherium and Lophiodouy have 
been found. The middle division, or calcaire grossier proper, con- 
sists of a coarse limestone, often passing into sand. It contains the 
greater number of the fossil shells which characterize the Paris 
budin. No less than 400 distinct species have been procured from 
a single spot near Grigiion, where they are embedded in a calca- 
reous sand, chiefly formed of comminuted shells, in which, nevertlie- 
less, individuals in a perfect state of preservation, both of marine, 
terrestrial, and freshwater species, are mingled together. Some of 
the marine shells may have lived on the spot ; but the Cgclostoma 
and Limnea must have been brought thither by rivers and currents, 
and the quantity of triturated shells implies considerable movement 
in the waters. 

Nothing is more striking in this assemblage of fossil testacea than 
the great proportion of species referable to the genus Cerilhium (see 
figures, p. 238.). There occur no less than 137 species of this genus 
ill the Paris basin, and almost all of them in the calcaire grossier. 
Most of the living Cerithia inhabit the sea near the mouths of rivers, 
where the Avaters are brackish; so that their abundance in the 
marine strata now under consideration is in harmony with the hypo- 
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thesis that the Paris basin formed a gulf into which several rivers 
flowed. 

In some parts of the calcaire grossier round Paris, certain beds 
occur of a stone used in building, and called bj the French geologists 
** Miliolite limestone.” It is almost entirely made up of millions of 
microscopic shells, of the size of minute grains of sand, which all 
belong to the class Foraminifera. Figures of some of these are given 
in the annexed woodcut. As this miliolitic stone never occurs in the 
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Cnlenrfna rarUpina^ Denh. 
b. natural size, a, c. same magnified. 


Spirolina stenostoma, Desh. 

B. natural sise.^ A, C, D. same magnified. 



Fig 257. 



Trilocuiina injiata, Desh. 
b. natural size. a, e, d, same magnified.; 


Fig. 268. 



Clav9i/iM eurnigata^ Desb. 
a, natural size. 6. c, same magnified. 


Faluns, or Upper Miocene strata of Brittany and Touraino. it often 
furnishes the geologist with a useful criterion for distinguishing the 
detached Eocene and Miocene formations scattered over those and 
other adjoining provinces. The discovery of the remains of Paleo- 
therium and other mammalia in some of the upper beds of the cal- 
caire grossier shows that these land animals began to exist before 
the deposition of the overlying gypseous series had commenced. 
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Lower Cafcaire grossier^ or Glanconie grossiere (B. 1., p. 29o.). — 
The lower part of the calcaire grossier, which often contains much 
green earth, is characterized at Auvers, near Pontoise, to the north 
of Paris, and still more in the environs of Compiegne, by the abun- 
dance of nummulites, consisting chiefly of N. Icevigata, N, scahra^ 
and N. Lamarcki^ which constitute a large proportion of some of the 
stony strata, though these same foraminifera are wanting in beds of 
similar age in the immediate environs of Paris. 

Soissonnais sandsy or Lite coquilliers (B. 2., p. 295,). — Below the 
preceding formation, shelly sands are seen, of considerable thickness, 
especially at Cuisse-Lamotte, near Compiegne, and other localities in 
the Soissonnais, about fifty miles N.E.of Paris, from which about 300 
species of shells have been obtained, many of them common to the 
calcaire grossier and the Bracklesham beds of England, and many 
peculiar. The Nummulites plaiiulata is very abundant, and the 
most characteristic shell is the Nerita conoideUy Lam., a fossil which 


Fig. 269. 



Xrrtfa conoidea^ 

Syn. S'. Schimdei/ianat CtuniniCz. 


has a very wide geographical range; for, as M. d’Archiac remarks, 
it accompanies the nummulitic formation from Europe to India, 
having been found in Cutch. near the mouths of the Indus, asso- 
ciated with Nummulites scabra. No less than 33 shells of this group 
are said to be identical with shells of the London clay proper, yet, 
after visiting Cuisse-Lamotte and other localities of the “ Sables ii>- 
ferieurs ” of Archiac, I agree with Mr. Prestwich, that the latter 
are probably newer than the London clay, and perhaps older than 

Fig. 270. 


Cardium portUoaum* Paris and London basins. 

the Brackle.sham beds of England. The London clay seems to bo 
unrepresented in the Paris basin, unless partially so, by these sands.* 
One of the shells of the sandy beds of the Soissonnais is adduced by 

* D’Archiac, Bulletin, tom. x. ; and Prestwich, Geol. Quart. Journ., 1847, p. 377. 
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M. Deshayes as an example of the changes which certain species 
underwent in the successive stages of their existence. It seems that 
different varieties of the Cardium porulosum are characteristic of 
different formations. In the Soissonnais this shell acquires but a 
small volume, and has many peculiarities, which disappear in the 
lowest beds of the calcaire grossier. In these the shell attains its 
full size, with many distinctive characters, which are again modified 
in the uppermost beds of the calcaire grossier ; and these last modi- 
fications of form are preserved throughout the upper marine ” (or 
Lower Miocene) series.* 

LOWER EOCENE FORMATIONS OF FRANCE. 

Argile plastique (C. 2., p. 295,). — At the base of the tertiary system 
in Franco are extensive deposits of sands, with occasional beds of clay 
used for pottery, and called “ argile plastique.” Fossil oysters ( Ostrea 
hellovficina) abound in some places, and in others there is a mixture 
of fluviatile shells, such as Cyrena cunei/brmis (fig. 262, p. 293.), 
3Ielania inquitmta (fig. 263.)^ and others, frequently met with in 
beds occupying the same position in the valley of the Thames. 
Layers of lignite also accompany the inferior clays and sands. 

Immediately upon the chalk at the bottom of all the tertiary strata 
in France there generally is a conglomerate or breccia of rolled and 
angular chalk-tiints, cemented by siliceous sand. These beds appear 
to be of littoral origin, and imply the previous emergence of the 
chalk, and its waste by denudation. In the year 1855, the tibia and 
femur of a large bird equalling at least the ostrich in size were 
found at Meudon, near Paris, at the base of the Plastic clay. This 
bird, to which the name of GasCornis Parisiensis has been assigned, 
appears, from the Memoirs of MM. Hebert, Lartet, and Owen, to 
belong to an extinct genus. Professor Owen refers it to the class of 
wading land birds rather than to an aquatic species.^ 

That a formation so much explored for economical purposes as 
the Argile Plastique around Paris, and the clays and sands of corre- 
sponding age near London, should never have afforded any vestige 
of a feathered biped previously to the year 1855, shows what dili- 
gent search and what skill in osteological interpretation are required 
before the existence of birds of remote ages can be proved by more 
decisive evidence than their footprints. 

Sables de Bracheux (C. 3., p. 295.). — The marine sands called the 
Sables de Bracheux (a place near Beauvais), are considered by M. 
Hebert to be older than the Lignites and Plastic clay, and to coincide 
in age with the Thanet Sands of England. At La Fere, in the 
Department of the Aisne, in a deposit of this age, a fossil skull has 
been found of a quadruped called by Blainville Arctocyon prim<evus^ 
and supposed by him to be related both to the bear and to the 


* CoquUles caracterlstiqucs des Terrains, IS31. 
t Quart. Geol. Journ., voL xii. p. 204.,^ 1S5G. 
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Kinkajou {Cercoleptes). This creature appears to bo the oldest 
known tertiary mammifer. 

NummnliHc formation of Europe^ j4sia, When I visited 
Belgium and French Flanders in 1851, with a view of comparing 
the tertiaiy strata of those countries with the English scries, I 
found that all the beds between the Lower Miocene or Limburg 
formations and the Lower Eocene or London clay proper, might 
be conveniently divided into three sections, distinguished, among 
other palaeontological characters, by three different species of iiuin- 
mulites, iV. variolaria in upper beds, iV. loivigata in the middle, 
and JV. plannlata in the lower. After I had adopted this classifica- 
tion, I found, what I had overlooked or forgotten, that tho super- 
position of these three species in tho order here assigned to them 
had been previously recognized in the North of France, in 1842, by 
Viscount d’Archiac. The same author, in the valuable monograph 
])ublished by him in 1853*, has observed that a somewhat similar 
distribution of these and other species in time, prevails very widely 
in the South of France and in the PyreneOvS, as well as in the Alps 
and Apennines, and in Istria — the lowest nuromulitic beds being 
characteriz(?d by fewer and smaller species, the middle by a greater 
number and by those which individually attain the largest dimen- 
sions, and the uppermost beds again by small species. 

In the treatise alluded to, M. d’Archiac describes no less than 
fifty-two species of this genus, and considers that they are all of 
them characteristic of those tertiary strata which I have called 
Middle Eocene. In very few instances at least do certain species 
diverge from this narrow limit, whether into incumbent or subjacent 
tertiary formations, one or two species only, of which Nummulites 
intermedia^ also a Middle Eocene form, is an example, ascend into 
the Lower Miocene, but it seems doubtful whether any of them 
descend to the level of the London clay. Certainly they have never 
been traced so low down as the marine beds, coeval with the Plastic 
clay or Lignite, in any country of which the geology has been well 
worked out. This conclusion is a very unexpected result of recent 
enquiry, since for many years it was a matter of controversy 
whether the nummulitic rocks of the Alps and Pyrenees ought not 
to be regarded as cretaceous rather than Eocene. The late M. Alex, 
l^rongniart first declared tho specific identity of many shells of the 
marine Eocene strata near Paris, and those of tho nummulitic forma- 
tion of Switzerland, although he obtained these last from tho summit 
of tlie Diablerets, one of tho loftiest of the Swiss Alps, which rises 
more than 10,000 feet above the level of the sea. 

The nummulitic limestone of the Alps is often of great thickness, 
and is immediately covered by another scries of strata of dark- 
coloured slates, marls, and fucoidal sandstones, to the whole of 
which the provincial name of ‘*flysch” has been given in parts 
of Switzerland. The researches of Sir Roderick Murchison in the 


* Animaux Fo^ da Croupe nummul. dc I’lndc. Paris, 1853. 
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Alps in 1847 hare shown that all these tertiary strata enter into 
the disturbed and loftiest portion of the Alpine chain, to the 
upheaval of which they enable us therefore to assign a compara- 
tively modern date. 

The nummulitic formation, with its characteristic fossils, plays 
a far more conspicuous part than any other tertiary group in tLi 
solid framework of the earth’s crust, whether in Europe, Asia, or 
Africa. It often attains a thickness of many thousand feet, and 
extends from the Alps to the Carpathians, and is in full force in the 
north of Africa, as, for example, in Algeria and Morocco. It has 
also been traced from Egypt, where it was largely quarried of old 
for the building of the Pyramids, into Asia Minor, and across Persia 
by Bagdad to the mouths of the Indus. It occurs not only in Cutch, 
but in the mountain ranges which separate Scinde from Persia, and 
which form the passes leading to Caboul ; and it has been followed 
still farther eastward into India, as far as eastern Bengal and the 
frontiers of China. 


rig. m. 



Nummulitei Pusehi, D'Archiac. Peyrehorade, Pyrenees. 

а. external surface of one of the numinulites, of which longitudinal sections are seen in the 

limestone. 

б. traukverse section of same. 


Dr. T. Thompson found nummulites at an elevation of no less than 
16,500 feet above the level of the sea, in Western Thibet. 

One of the species, which I myself found very abundant on the 
flanks of the Pyrenees, in a compact crystalline 
marble (fig. 271.) is called by M. d’Archiac Num- 
mulites Paschi. The same is also very common in 
rocks of the same age in the Carpathians. 

Another large species (see fig. 272,)^ Nummulites 
exponens, J. Sow., occurs not only in the South of 
France, near Dax, but in Germany, Italy, Asia 
Minor, and in Cutch ; also in the mountains of 
Sylhet, on the frontiers of China. Kummuiufs exponms. 

In many of the distant countries above alluded 
to, in Cutch, for ^example, some of the san^p shells, such as Neri/u 
conoidea (fig. 269.), accompany the nummulites, as in France. 

The opinion of many observers, that the Nummulitic formation 
belongs partly to the cretaceous era, seems chiefiy to have arisen 
from confounding an allied genus, Orbitoidcs, with the true Num- 
mulite. 


Fig. 272. 
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When we have once arrived at the conviction that the nummulitic 
formation occupies a middle place in the Eocene series, we are 
struck with the comparatively modern date to which some of the 
greatest revolutions in the physical geography of Europe, Asia, and 
Northern Africa must be referred. All the mountain chains, such 
as the Alps, Pyrenees, Carpathians, and Himalayas, into the coin[>o* 
sition of whose central and loftiest parts the nummulitic strata 
enter bodily, could have had no existence till after the Middle Eocene 
period. During that period the sea prevailed where these chains 
now rise, for uummulites and their accompanying testacea were un- 
questionably inhabitants of salt water, liefore these events, com- 
prising the conversion of a wide area from a sea to a continent, 
England had been peopled, as I before pointed out (p. 292.), by 
various quadrupeds, by herbivorous paebyderms, by insectivorous 
bats, and by opossums. 

Almost all the extinct volcanoes which preserve Uny remains ot 
their original form, or from the craters of wliich lava streams can 
be traced, are more modern than the Eocene fauna now under con- 
sideration ; and besides these superficial monuments of the action ot 
heat, Plutonic influences have worked vast changes in the texture ot 
rocks within* the same period. Some members of the nummulitic 
and overlying tertiary strata called flysch have actually been con- 
verted in the central Alps into crystalline rocks, and transformed 
into marble, quartz-rock, mica-schist, and gneiss.* 


EOCENE STRATA IN THE UNITED STATES. 

In North America the Eocene formations occupy a large area 
bordering the Atlantic, which increases in breadth and importance 
as it is traced southwards from Delaware and Maryland to Georgia 
and Alabama. They also occur in Louisiana and other states both 
east and west of the valley of the Mississippi. At Claiborne in 
Alabama, no less than four hundred species of marine shells, with 
many cchinoderms and teeth of fish, characterize one member of 
this system. Among the shells, the Cardita planicosta^ before men- 
tioned (fig. 23o. p. 286.), is in abundance ; and this fossil and somo 
others identical with European species, or very nearly allied to them, 
make it highly probable that the Claiborne beds agree in age with 
the central or Bracklesham group of England, and with the calcairo 
grossier of Paris.*}’ 

Higher in the series is a remarkable calcareous rock, formerly 
called “ the nummulite limestone,** from the great number of discoid 
bodies resembling uummulites which it contains, fossils now re- 
ferred by A. d'OrbignJf’ to the genus Orbitoides^ which has been 

♦ Murchison, Quart. Journ. of Gcol. t Sec paper by the Author, Quart. 
Soc., vol. V., and Lyell, vol. vi. 1850. Journ. Geol. 8oc.,vol. iv. p. 13. ; and Sc- 
Anniversary Address. coiid Visit to the U. S., vol. ii. p. 59. 
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demonstrated by Dr. Carpenter to belong to the foraminifera.* 
That naturalist, moreover, is of opinion that the Orbitoides alluded 
to ( 0. Mantelli) is of the same species as one found in Cutch in the 
Middle Eocene or nummulitic formation of India. The following 
section will enable the reader to understand the position of three 
subdivisions of the Eocene series, Nos. 1, 2, and 3., the relations of 
which I ascertained in Clarke County, between the rivers Alabama 
and Tombeckbee. 


Fig. 273. 


Beau Hill. 



1 . Sand, marl, &c., with ntimerous roisilt. I 

2. White or rotten Umefttone, with Zeujflodon. > Eocene. 

3. Orbitoidal, or lo-called nummulitic limestone.' ) 

4. Overlying formation of sand and clay without fouiU. Age unknown. 


The lowest set of strata, No. 1., having a thickness of more than 
100 feet, comprise marly beds, in wdiich the Osirea seflre/ormis 
occurs, a shell ranging from Alabama to Virginia, and being a 
representative form of the Ostrea flabellula of the Eocene group of 
Europe. In other beds of No. 1., two European shells, Cardita 
planicostay before mentioned, and Solarium canaliculatumy are found 
with a great many other species peculiar to America. Numerous 
corals also, and the remains of placoid fish and of rays, occur, and 
the “ swords ” (lig. 237. p. 287.), as they are called, of sword-fishes, 
all bearing a great generic likeness to those of the Eocene strata of 
England and France. 

No. 2. (fig. 273.) is a white limestone, sometimes soft and argil- 
laceous, but in parts very compact and calcareous. It contains 
several peculiar corals, and a l‘»rge Nautilus allied to iV ziczac ; 
also in its upper bed a gigantic cetacean, called Zeuglodon by 
Ow'en.f 

The colossal bones of this cetacean are so plentiful in the in- 
terior of Clarke County as to be characteristic of the formation. 
The vertebral column of one skeleton found by Dr. Buckley at a 
spot visited by me, extended to the length of nearly 70 feet, and not 
far off part of another backbone nearly 50 feet long -was dug up. 
I obtained evidence, during a short excursipn, of so many localities 
of this fossil animal within a distance of 10 miles, as to lead me to 

* Quart. Journ. Geol. Soc., vol. vi. Joiim. of Acad. Nat. Sci. Philad., vol. i. 
p. 32. 1S47. 

t See Memoir by R. W. Gibbes, 
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conclude that they muBt have belonged to at least forty distinct 
individuals. 

Prof. Owen first pointed out that this huge animal was not rep- 
tilian, since each tooth was furnished with double roots (see fig. 
274.), implanted in corresponding double sockets ; and his opinion 


Fig. 274. 


Fig. 27S. 




Zeufitodon eetofdes, Owen. 

Bastlosamrust Harlan. 

Fig. 274. Molar tooth, natural sixe. Fig. 275. Vertebra, reduced. 


of the cetacean nature of the fossil was afterwards confirmed by Dr. 
Wyman and Dr. R. W. Gibbes. That it was an extinct mammal 
of the whale tribe has since been placed beyond all doubt by the 
discovery of the entire skull of another fossil species of the same 
family, having the double occipital condyles only met with in 
mammals, and the convuluted tympanic bones which are character- 
istic of cetaceans. 

Near the junction of No. 2. and the incumbent limestone, No. 3., 
n(;xt to be mentioned, are strata characterized by the following 
shells : Spondylus dumosus {PlagioUoma dumosuniy Morton), Pecten 
Pouhoniy Pecten perplanus^ and Ostrea cretacea. 

No. 3. (fig. 273.) is a white limestone, for the most part 'made 
up of the Orhitoides of D*Orbigny before mentioned (p. 307.), for- 
merly supposed to be a nummulite, and called N. Mantelli^ mixed 
with a few lunulites, some small corals, and shells.* The origin, 
therefore, of this cream-coloured soft stone, like that of our white 
chalk, which it much resembles, is, 1 believe, due to the decompo- 
sition of these foraminifera. The surface of the country where 
it prevails is sometimes marked by the absence of wood, like our 
chalk downs, or is covered exclusively by the Juniperus Vir- 
gmiana, as certain chalk districts in England by the yew tree and 
juniper. 

Some of the shells of this limestone are common to the Claiborne 
beds, but many of them are peculiar. 

It will be seen in the section (fig. 273. p. 307.) that the strata 
Nos. I, 2, 3. are, for the most part, overlaid by a dense formation of 


* Lyell, Quart. Journ. GeoL Soc., 1847, vol. iv, p. 15. 
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Band or clay without fossils. In some points of the bluff or cliff of 
the Alabama River, at Claiborne, the beds Nos. 1, 2. are exposed 
nearly from top to bottom, whereas at other points the newer forma- 
tion, No. 4., occupies the face of nearly the whole cliff. The age of 
this overlying mass has not yet been determined, as it has hitherto 
proved destitute of organic remains. 

The burr-stone strata of the Southern States contain so many 
fossils agreeing with those of Claiborne^ that it doubtless belongs to 
the same part of the Eocene group, though I was not fortunate 
enough to see the relations of the two deposits in a continuous sec- 
tion. Mr. Tuomey considers it as the lower portion of the series. 
It may, perhaps, Im a form of the Claiborne beds in places where 
lime was wanting, and where silex, derived from the decomposi- 
tion of felspar, predominated. It consists chiefly of slaty clays, 
({uartzose sands, and loam, of a brick-red colour, with layers of 
cellular chert or burr-stone, used in some places for mill-stones. 
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CHAPTER XVII. 

CRETACEOUS GROUP. 

Lapse of time between the Cretaceous and Eocene periods — Whether certain 
formations in and France are of intermediate age — Pisolitic limestone 

— Divisions of the Cretaceous series in North-Western Europe — Maestricht 
beds — Chalk of Faxoe — White chalk — Its geographical extent and origin — 
Formed in an open and deep sea — How far derived from shells and corals — 
A similar rock now in progress in the depths of the Atlantic made up of Globi- 
gerime— Origin of Flint in Chalk — Siliceous Diatomacem of the Atlantic — 
By what intermittent action the alternate layers of white chalk and flint may 
have been caused — Pot-stones of Iloi^tcad — Isolated pebbles of fjnartz and 
foreign rocks in chalk — Fossils of the Upper Cretaceous rocks — Echinoderms, 
^loUusca, Bryozoa, Sponges —Upper Greensand and Gault — Bhickdown beds 
— Flora of the Upper Cretaceous |)eriod — Fossil plants of Aix-la-Cliapclle — 
Large proportion of Dicotyledonous Angiosperms — Their co-cxistcnce with 
large extinct genera of reptiles — Chalk of South of Europe — Hippuritc lime- 
stone— Cretaceous rocks olHIie United States. 

Having treated in the preceding chapters of the tertiary strata, wo 
have next to speak of the uppermost of the secondary groups, com- 
monly called the chalk or the cretaceous strata, from the Latin 
name for that remarkable white earthy limestone, which constitutes 
an upper member of the group in those parts of Europe whore it was 
first studied. The marked discordance in the fossils of the tertiary, 
as eoinjiared with the cretaceous formations, lias long induced many 
geologists to suspect tliat an indefinite series of agesedapsed between 
the respective periods of their origin. Measured, indeed, by such a 
standard, that is to say, by the amount of change in the Fauna and 
Flora of the earth effected in the interval, the time between the 
Cretaceous and Eocene may liave been ns great as that between tlie 
Eocene and Recent periods, to the history of which the last seven 
cliapters have b(;cn devoted. Several fragmentary deposits liave 
been met with hero and there, in the course of the last half century, 
of an age intermediate hetween the white chalk and the plastic clays 
and sands of the Paris and London districts, monuments which have 
the same kind of interest to a geologist which certain media,* val 
records excite when we study the history of nations. For both of 
them throw lirrht on ages of darkness, preceded and followed by 
others of which the annals aro compfirntivoly well known to us. 
Rut these newly-discovered records do not fill up tho wi(h» gap, some 
of them being closely allied to the Eocene, and others to tho Creta- 
ceous type, while none appear as yet to possess so distinct and clia- 
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ractoristic a fauna as may entitle them to hold an independent place 
in the great chronological series. 

Among the formations alluded to, the Thanet Sands of Prestwich 
have been sufficiently described in the last chapter, and classed las 
Lower Eocene. To the same tertiary series belong the Belgian 
formations, called by Professor Dumont, Landenian and Heersian, 
although the latter may be of higher antiquity than the Thanet 
Sands. On the other hand, the Maestricht and Faxoe limestones 
are very closely connected with the chalk, to which also the Piso- 
litic limestone of France has been referred by high authorities. 

The Lower Landenian beds of Belgium consist of marls and sands, 
often containing much green earth, called glauconite. They may be 
seen at Touriiay, and at Angres, near Mons, and at Orp-le-Grand, 
Lincent, and Landeii in the ancient province of Hesbaye, in Belgium, 
wlicre they supply a durable building-stone, yet one so light as to be 
easily transported. Some few shells of the genus Pholadomya^ 
Scalaria^ and others, agree specifically with fossils of the Thanet 
Sands ; but most of them, such as Astarte intequilatera^ Nyst, are 
peculiar. In the building-stone of Orj>-le-Grand, I found a Car^ 
diasterj a genus which, according to Professor E. Forbes, was pre- 
viously unknown in rocks newer than the cretaceous. 

Still older than the Lower Landenian is the marl, or calcareous 
glauconite, of the village of Heers, near Waremme, in Belgium ; also 
s(*eii at Marlin ne in the same district, where I have examined it. 
It has been sometimes classed with the cretaceous series, although 
as yet it has yielded no forms of a decidedly cretaceous aspect, such 
as Ammonite, Baculite, Belemnite, Ilippurite, See. The species of 
shells are for the most part new ; but it contains, according to ^1. 
Hebert, Pholadomya enneata, an Eocene fossil, and he assigns it 
•with confidence to the tertiary series. 

Pisolitic limestove of France . — Geologists have been still more at 
variance respecting the chronological relations of this rock, which is 
met with in the neighbourhood of Paris, and at places north, south, 
east, and west of that metropolis, as between Vertus and Laversines, 
Meudon and Montereau. It is usually in the form of a coarse 
yellowish or whitish limestone, and the total thickness of the scries 
of beds already known is about 100 feet. Its geographical range, 
according to M. Hebert, is not less than 45 leagues from cast to 
west, and 35 from north to south. Within these limits it occurs in 
small patches only, resting unconformably on the \vhite chalk. It 
was originally regarded as cretaceous by -M. E. de Beaumont, on the 
ground of its having undergone, like the wdiite chalk, extensive 
denudation previous to the Eocene period ; but many able palseon- 
tologists, and amoTig others MM. C. d’Orbigny, Deshayes, and 
d’Archiac, disputed this conclusion, and, after enumerating 54 
species of fossils, declared that their appearance was more tertiary 
than cretaceous. More recently, M. Hebert, having found the Pecten 
quadrivostatuSy a cretaceous species, in this same pisolitic rock, at 
Montereau near Paris, and some few otlier fossils common to the 
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Maestricht chalk, and to the Baculite limestone of the Coteiitin, in 
Normandy, classed it as an upper member of the cretaceous group, 
an opinion since adopted by M. Alcide d’Orbigny, who has carefully 
exn mined the fossils. The Nautilus Danicus^ fig. 278., and two or 
three other species found in this rock, are frequent in that of Faxoe 
in Denmark, but as yet no Ammonites, Hamites, Scaphites, Turru- 
lites, Baculites, or Hippurites have been met with. The proportion 
of peculiar species, many of them of tertiary aspect, is confessedly 
large ; and great aqueous erosion suffered by the white clialk, before 
the pisolitic limestone was formed, affords an additional indication of 
the two deposits being widely separated in time. The pisolitic 
formation, therefore, may eventually prove to be somewhat more 
intermediate in date between the secondary and tertiary epochs than 
the Maestricht rock. 

It should, however, be observed, that all the above-mentioned 
strata, from the Thanet Sands to the Pisolitic limestone inclusive, 
and even the Maestricht rock, next to be described, exhdnt marks 
of denudation experienced at various dates, subsequently to the 
consolidation of the white chalk. This fact helps us in some degree 
to explain the remarkable break in the sequence of European rocks, 
between the secondary and tertiary eras, for many strata which once 
existed have doubtless been swept away. 


CLASSIFICATION OF THE CRETACEOUS ROCKS. 

The cretaceous group has generally been divided into an Upper 
and a Lower series, each of them comprising several subdivisions, 
distinguished by peculiar fossils, and sometimes retaining a uniform 
mineral character throughout wide areas. The Upper series is often 
called familiarly the chalky and the Lower the greensand^ the hist- 
nn ntioned name being derived from the green colour imparted to 
certain strata by grains of chloritic matter. The following table 
comprises the names of the subdivisions most commonly adopted : — 

UPrER CRETACEOUS. 

A. 1 . Maestricht beds and Faxoe limestones. 

2. White chalk with flints. 

3. Chalk marl, or grey chalk slightly argillaceous. 

4. Upper Greensand, occasionally with beds of chert, and with chloritic mni l 

(eraie chloritee of French authors) in the upper portion. 

5. Gault, including the Blackdown beds. 

LOWER CRETACEOUS (or Neocomian)» 

I?. 1 . Lower Greensand — green sand, iron sand, clay, and occas ional beds of 
limestone (Kentish Rag), 

2. Wealden beds or Weald clay and Hastings sands.* 


* M. Aleidc d'Orbigny, in his vnlimhic work entitled Paleontologie Fnin^nific, 
has adopted new terms for the French subdivisions of the Cretaceous Series, 
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Maestricht Beds . — On the banks of the Meuse, at Maestricht, 
reposing on ordinary white chalk with flints, we find an upper cal- 
careous formation about 100 feet thick, the fossils of which are, on 
the whole, very peculiar, and all distinct from tertiary species. Some 
few are of species common to the inferior white chalk, among which 
may be mentioned Belemnites mucronatus (fig. 290. p. 323.) and 
Penten quadricostatus^ a shell regarded by many as a mere variety of 
P^ quinquecostatus (see fig. 305. p. 325.). Besides the Belemnite there 
are other genera^ such as Baculite and Hamite, never found in strata 
newer than the cretaceous, but frequently met with in these Maes- 
tricht beds. On the other hand, Voluta^ Fasciolaria^ and other 
genera of univalve shells, usually met with only in tertiary strata, 
occur. 

Tlie upper part of the rock, about 20 feet thick, as seen in St. 
liter’s Mount, in the suburbs of Maestricht, abounds in corals and 
Bryozoa, often detachable from the matrix ; and these beds are 
succeeded by a soft yellowish limestone 50 feet thick, extensively 
(juarried from time immemorial for building. The stone below is 
whiter, and contains occasional nodules of grey chert or chalcedony. 


Fig. 276. 



Mosasaurus Camperi. Original more than three feet long. 


M. Bosquet, with whom I examined this formation (August, 1850), 
pointed out to me a layer of chalk from two to four inches thick, 
containing green earth and numerous encrinital stems, which forms 

which, po far as they can bo made to tally with English equivalents, seem cx- 
])liciihlc thus : — 

Etage Danien. Maestricht beds. 

— Scnonien. • White chalk, and chalk marl. 

~ Turonien. Part of the chalk niarl. 

— Ct^nomanien. Upper Greensand. 

— Albien. f^ault. 

— Aptien. Upper part of rx)wcr Greensand. 

— Ncocomien. Liower part of same. 

— Nt^ocomien 

infer ieur. Wcalden beds and contemporaneous marine strata. 
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the line of demarcation between the strata containing the fossils 
peculiar to Maestricht and the white chalk below. Tlio hitter is 
distinguished by regular layers of black flint in nodules, and by 
several shells, such as Terehratula camea (see fig. 301.), wholly 
wanting in beds higher than the green band. Some of the organic 
remains, however, for which St. Peter’s Mount is celebrated, occur 
both above and below that parting layer, and, among others, the 
great marine reptile called Mosasaurtts (see fig. 270.), a saurian 
supposed to have been 24 feet in length, of which the entire skull 
and a great part of the skeleton have been found. Such remains 
are chiefly met with in the soft freestone, the princi|>al nnunbcr of 
the Miiestricht beds. Among the fossils common to the I^Iaestricht 
and white chalk may be iustanced the echinoderm, fig. 277. 

I saw proofs of the previous denudation of the white chalk ex- 
hibited in the lower bod of the Maestricht 
formation in Belgium, about 30 miles S. W. 
of Maestricht, at the village of Jendraiii, 
where the base of Ihe nc'wor deposit con- 
sisted chiefly of a layer of well-rolled, 
black, chalk-flint pebbles, in the midst 
of which perfect speeinu*ns of Thevithn 
raflians and Belemnites mucronatits are 
embedded. 

Chalk of F(ixoe,—ln the island of 
Seeland, in Denmark, the newest mem- 
ber of the chalk series, seen in the sea-clifts at Stevensklint resting 
on white chalk with flints, is a yellow limestone, a portion of whicli, 
at Faxoe, where it is used as a huilding-stonc, is composed of corals, 
even more conspicuously than is usually observed in recent coral 
leels. It lias been quarried to the dej)th of more than 40 feet, but 
its thickness is unknown. The embedded shells are chiefly casts, 
many of them of univalve mollusca, which are usually very rare in 


Fig. m. 



\ nuthttuSf Ag. 
rmfi.tfus. 

Clialk ol MafHini ht and whito 
rhalk. 


Fig. 27«. 



\autilus Dnniiux^ Srhl. F.ixop. Denmark. 


the wliite chalk of Europe. Thus, there are two species of C^fpran^ 
one of Oliva, two of Mitra. four of the genus Cerithium, six of 
Ftisus, two of TrochuSy one Patella, one Emartjinula, 3cc. ; on the 
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whole, more than thirty univalves, spiral or patelliform. At tlie 
same time, some of the accompanying bivalve shells, echinodcrms, 
and zoopliytes are specifically identical with fossils of the true Cre- 
taceou.s series. Among the cephalopoda of Faxoe may be mentioned 
Baculites Faujasii and Belemnites mucronahu^ shell# of the white 
cdialk. The Nautilus Danicus (see 6g. 278.) is characteristic of this 
formation ; and it also occurs in France in the calcaire pisolitique 
of Lavcrsin (Department of Oise). 

The claws and entire skull of a small crab, Bra^ 
chynrus rw^o5tts(Schlottheim), are scattered through 
tiie Faxoe stone, reminding us of similar crusta* 
ceaiis enclosed in the rocks of modern coral reefs. 

Some small portions of this coralline formation 
consist of white earthy chalk ; it is therefore clear 
tiiat this substance must have been produced simul* 
taiieously — a fact of some importance, as l>earing 
on the theory of the origin of white chalk ; for the 
decomposition of such corals as we see at Faxoe is 
capable, we know, of forming whUe mud, undistin^ 
gui'sliable from clialk, and which we may suppo.*ie 
to have betMi dispersed far and wide through the 
ocean, in winch such reefs as that of f'axoe grow, 

IVhite chalk (see Tab., p. 312. ei seq,), — The 
highest Ix^ds of chalk in England and France con- 
sist of a pure, white, calcareous mass, usually too 
soft for a building-stone, but sometimes passing 
into a more solid state. It consists, almost purely, 
of carbonate of lime ; the stratification is often ob- : 
score, except wJiere rendered distinct by interstra- I 
tided layers of flint, a few inches thick, occasionally ] 
in continuous beds, but oftener in nodules, and re- ! 
curring at intervals from two to four feet distant ^ 
from each other. 

This upper chalk is usually succeeded, in the 
descending order, by a great mass of white chalk ' 
without tlints, below which comes the chalk marl, 
in which there is a slight admixture of argillaceous 
matter. The united thickness of the three divi- 
sions in the south of England oqusds, in some places, 

ICKK) feet. 

The annexed section (fig. 279.) will show the 
manner in which the white chalk extends from 
England into France, covered by the tertiary 
strata described 411 former chapters, and reposing 
on lower cretaceous beds. 

Geographical extent and origin of the JVhite Chalk. — The area 
over which the white chalk preserves a nearly homogeneous aspect 
is so vast, that the earlier geologists despaired of discovering any 
analogous deposits of recent dale. Pure chalk, of nearly uiiifonn 




316 


ANIMAL ORIGIN OF WHITE CHALK. [Ch. XVII. 


aspect and composition, is met with in a north-west and soutli-cast 
direction, from the north of Ireland to the Crimea, a distance of 
about 1 140 geographical miles, and in an opposite direction it ex- 
tends from the south of Sweden to the south of Bordeaux, a distance 
of about 840 geographical miles. In Southern Russia, according to 
Sir R. Murchison, it is sometimes 600 feet thick, and retains the 
.^ame mineral character as in Frmice and England, with the same 
fossils, including Itioceramus Cuvusriy Belemnites mucronatus, and 
Ostrea vesicularis. 

But it would be an error to imagine that the chalk was ever 
spread out continuously over the whole of the space comprised within 
these limits, although it prevailed in greater or less thickness over 
large portions of tliat area. On turning to those regions of the 
Pacific w'here coral reefs abound, we find some archipelagoes of 
lagoon islands, such as that of the Dangerous Archipelago, lor 
instance, and that of Radack, with several adjoining groups, which 
are from 1100 to 1200 miles in length, and 300 or 400 mile- broad ; 
and the space to which Flinders proposed to give the name of the 
Coralline Sea is still larger, for it is bounded on the east by the 
Australian barrier — all formed of coral rock— on the west by New 
Caledonia, and on the north by the reefs of Louisiadc. Although 
the islands in these areas may be thinly sown, the mud of the decom- 
posing zoophytes and foraminifera may bo scattered far and wide 
by oceanic currents. That this mud would sometimes resemble chalk 
I have already hinted, when speaking of the Faxoe limestone, j). 314., 
and it was also remarked in an early part of this volume, that even 
some of that chalk, which appears to an ordinary observer quite 
destitute of organic remains, is nevertheless, when seen under the 
microscope, full of fragments of corals, bryozoa, and sponges ; to- 
gether with the valves of entomostraca, the shells of foraminifera, 
and still more minute infusoria. (See p. 26.) 

Now it had been often suspected, before these discoveries, that 
white chalk might be of animal origin, even where every trace of 
organic structure had vanished. This bold idea was partly founded 
on the fact, that the chalk consisted of carbonate of lime, such as 
w'ould re.sult from the decomposition of testacea, echini, and corals ; 
and partly on the passage observable between these fossils when half 
decomposed and chalk. But this conjecture seemed to many natural- 
ists quite vague and visionary, until its probability was strengthened 
by new evidence brought to light by modern geologists. 

We learn from Captain Nelson that, in the Bermuda Islands, and 
in the Bahamas, there are many basins or lagoons almost surrounded 
and enclosed by reefs of coral. At the bottom of these lagoons a 
.soft white calcareous mud is formed, not merely from the comminu- 
tion of corallines for calcareous plants) and corals, together with the 
exuviae of foraminifera, mollusk.s, echinoderms, and crustaceans, but 
also, as Mr. Darwin observed upon studying the coral islands of the 
Pacific, from the fmcal matter ejected by echinoderms, conchs, ami 
coral-eating fish. In the West Indian seas, the qouqU {Sirombus (/iffus) 
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adds largely to the chalky mud by means of its fsecal pellets com- 
posed of minute grains of soft calcareous matter, exhibiting some 
organic tissue. Mr. Darwin describes gregarious fishes of the genus 
Scarus^ seen through the clear waters of the coral regions of the 
Pacific browsing quietly in great numbers on living corals, like 
grazing herds of graminivorous quadrupeds. On opening their 
bodies, their intestines were found to be filled 
with impure chalk. This circumstance is the 
more in point, when we recollect how the 
fussilist was formerly puzzled by meeting, in 
chalk, with certain bodies, called ** larch-* 
cones," which were afterwards recognized by 
Dr. Buckland to be the excrement of fish. 

Such spiral coprolites (fig. 280.), like the scales 
and hones of fossil fish in the chalk, are com- Coproiites ors«h. from the 
posed chiefly of phosphate of lime. 

In the Bahamas, the angel-fish, and the unicorn or trumpet-fish, 
and many others, feed on shellfish, or on corals. 

The mud derived from the sources above mentioned may be actu- 
ally seen in the Maldiva Atolls to be washed out of the lagoons 
through narrow openings leading from the lagoon to the ocean, and 
the waters of the sea are discoloured by it for some distance. When 
firied, this mud is very like common chalk, and might probably be 
made by a moderate pressure to resemble it still more closely.* 

Mr. Dana, when describing the elevated coral reef of Oahu, in the 
Sandwich Islands, says that some varieties of the rock consist of 
aggregated shells, embedded in a compact calcareous base as firm in 
texture as any secondary limestone; while others are like chalk, 
having its colour, its earthy fracture, its soft homogeneous texture, 
and being an equally good writing material. The same author de- 
scribes, in several growing coral reefs, a similar formation of modern 
chalk, undistinguishable from the aucient.f The extension, over a 
wide submarine area, of the calcareous matrix of the chalk, as well 
as of the embedded fossils, would take place more readily in conse- 
quence of the low specific gravity of the shells of mollusca and zoo- 
phytes, when compared with ordinary sand and mineral matter. The 
mud also derived from their decomposition would be much lighter 
than argillaceous and inorganic mud, and very easily transported by 
currents, especially in salt water. 

But the analogy of existing coral reefs would better illustrate such 
formations as the Oolitic limestones, to be described in Chapters XX. 
and XXI., which consist in great part of compact rock, than the soft 
and unconsolidated white chalk. A new light has recently been 
thrown upon the origin of the latter deposit by the deep soundings 
made in the North Atlantic, previous to laying down, in 18o8, the 
electric telegraph between Ireland and Newfoundland. At depths 

• See Nelson, Geol.Tran.s.,l837,vol.v. f Exploring ExjK-d., 

p. lOS.; and Gtfol. Qimn. Journ., 1S53, p. 253. 1S49. 

p. 200. 





sometimes exceeding two miles, the mud forming tins floor of the 
ocean was found, when examined by Professor Huxley, to bo almost 
entirely composed (more than nlneteon*twentietlis of the whole) of 
minute Rhisopods, or foraminiferous shells of tiie genus Globigerina, 
especially the species GloUgerina bulloides (see fig. 281.). In the 
remainder of the mud the organic bodies next in qua.ttity were the 
siliceous shells called Pofye^fstinea, and next to tiiuin the siliceous 
skeletons of plants called Diatomaeea (figs. 282, 283, 284.), an<l 
occasionally some siliceous spiculte of sponges (tig. 283.), were inter* 
mixed. 



Orgaiuc forminff the onge of the he<l nf the Atlantic at qrfat t diIii. 

liiiihtiintnn builotiifs. Caicari^out HMtio/tod. 

Actinitcyctns 1 

> SiiiCi'uUi i>uiftir;iga 
‘iM h'urtittui htde*n f 

SpL'uht of apunge. SHictout sfHtnge* 


In 18<)0, shells of the same Glohigerina wore ohservrt! liy Sir 
Li*t)|)ohl MacClintoch and Dr. Wallich, during the cruise of tlie 
*• Bulldog,” to form, over other wide areas of the Atlantic, a jiropor- 
tion of about y«3 per cent, of the mud, both betwecui the Faroe Islaml.s 
and Iceland, and between Iceland and Greenland. Tlie con.sistency 
of the ooze brought up from great depths in the.'*«o artMis is described 
a.s akin to tliat of putty. On the surface were found living Globi- 
geriiue, while immediately below were countless calcareous grains, 
the relics of bygone generations. Each of tliese grains, as will be 
.^een by the magnilied drawing, instead of being solid, consists of a 
collection of cells, and as himilar Globigerime form a large part of 
the white chalk, their structure, as Mr. Dana has well observed, 
helps us to understand the imperfect aggregation of that remarkable 
rock. At the same time the continued growth of the.se Ithizopods 
over a wide extent of deep occ*an enables us to conceive Iiow forim*rly 
in European areas a vast thickness of cretaceous limestone, very 
uniform in composition and devoid of sand, pebbles, terresirial and 
freshwater plants and shells, and all other signs of a neighbouring 
continent, may have been formed. That wliite chalk is now form- 
ing in the depths of the ocean, may now bo regarded as an ascer- 
tained fact, because the Glohigerina hulloides is specifically undis- 
tinguishable from a fossil which constitutes a large portion of tlio 
chalk of Europe. It is not figured (p. 26.) among the cretaceous 
foraminifera discovered by Mr. Lonsdale in 1865, because it occurs 
for the roost part in fragments in the white chalk, and tlie piTfect 
shell was not well understood before it was obtained living from the 
bed of the Atlantic. The liosulina figured in the same page some- 



what reHemblea externally a Globigerioa, but it differs in the 
an*angemeDt of its cells. 

Chalk FlinU^TYk^ origin of the layera of flint, whether in con- 
tinuous sheets or in the form of nodules, has idways been found 
more difficult to account for than that of the white chalk. In 
modern coral reefs no such siliceona masses are known to be formin<r 
But here again the late deep-sea soundings have suggested a very 
])robable source of such mineral matter. During the cruise of the 

Bulldog/’ already alluded to, it was ascertinned that while the 
calcareous Globigerifue had almost exclnsive possession of certain 
tracts of the sea-bottom, they were wholly wanting, in others, as 
]>etween Greenland and Labrador. Dr. Waliicb supposes that they 
flonrish in tliose spaces where they may derive nutriment from or- 
ganic and other matter, brought from the south by the warm waters 
of the Gulf Stream, .and that they may be absent where the effects 
of that great current are not felt. In several of the spaces where 
the calcareous Khizopods are wanting, the microscopic plants 
called DiatomacecB^ before mentioned (figs. 282. 284.), the solid 
parts of which are siliceous, monopolize the ground at a depth of 
nearly 4CX) fathoms, or 2400 feet. 

Mr. Dana also has reminded us tha^in the soundings made in the 
Sea of Kumtschatka Professor Bailey found the same microscopic 
vegetable organisms in as great profusion os are the Globigerinm 
in the Atlantic, and he adds that when such Diatomacete decom- 
pose, the alkaline waters of the ocean can take up and hold in solu- 
tion only a minute portion of the silica set free, so that an oppor- 
tunity would be given for the remainder to form concretionary 
nodules, or to aggregate round any foreign body as a nucleus, 
especially when such a body is undergoing chemical change or de- 
composition. This would explain the frequent occurrence of fossils 
within nodules of flint, and the silicification of various organisms.* 
In some parts of the southern hemisphere likewise, as Captain 
Maury observes, in lat. 13° S., long. 16° E., for example, siliceous 
Diatoniuceai and sponge spicules are the predominant forms instead 
of calcareous Khizopods. 

If it be asked how the Diatomaceae above alluded to can obtain a 
constant supply of silex in solution, I may remind the reader of the 
decomposition of felspathic rocks mentioned above (p. 42.) as a 
copious source of that mineral. Almost all the great rivers which 
flow into the ocean must contain some of it, and springs charged 
with silex in solution must rise up in many parts of the bed of the 
ocean as they do on dry land. 

Dr. Buckland endeavoured formerly to account for the recuiTence, 
at so many distinct levels, of beds of nodular or tabular flint in the 
chalk, by supposing the periodical accumulation of widely-extended 
layers of mud, made up of calcareous and siliceous matter. When 
a stratum five or six feet or more in thickness had accumulated, its 


* Daua*8 Geology p. 4S9. 
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partial consolidation took place, during; which the heavier silcx sank 
to the bottom, forminir nodules, or, if it was in sutficieut quantity, 
continuous layers.* But the thickness of the masses of chalk inter- 
vening between some of the strata of flint has always made this 
hypothesis somewhat unsatisfactory, although such segregation of 
siliceous matter helps us to conceive how isolated and scattered 
flinty nodules may sometimes be formed in the midst of a calcareous 
matrix. To explain a regular succession of flinty layers, we must 
seek out some intermittent action, favouring alternately the deposi- 
tion of calcareous and siliceous matter. Many centuries would 
probably be required for the growth of microscopic organisms sulfi- 
cieut in quantity to form a bed of white chalk several feet, and 
sometimes yards, in thickness. We may imagine that after a lapse 
of many years or centuries, changes took place in the direction of 
the marine currents, favouring at one time, a supply in the same 


Fig 2H6. 



From a cirawing by Mrs. Omni. 

View of a chalk-pit at Homtead, iie<u Norwich, Hhowing the position of the potttoncf. 


area of siliceous, and at another of calcareous matter in excess, 
giving rise in the one case to a preponderance of Globigeriiias, and 
in the other of Diatoraacefe. 

A more difficult enigma is presented by the occurrence of certain 
huge flints, or potstones, as they arc called in Norfolk, occurring 
singly, or arranged in nearly continuous columns at right angles to 
the ordinary and horizontal layers of sirinll flints. I visited, in the 
year 182d, an extensive range of quarries then open on the liivor 
Bure, near Horstead, about six miles from Norwich, which afforded 
a Continuous section, a quarter of a milo in length, of white chalk, 
exposed to the depth of twenty-six feet, and covered by a thick bed 
of gravel. The potstones, many of them pear-shaped, were usually 


* Geol. Trans., First Scries, vol. iv. p. 413 . 
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about three feet in height and one foot in their transrerso diameter, 
placed in vertical rows, like pillars at irregular distances from each 
other, but usually from 20 to 30 feet apart, though sometimes 
nearer together, as in the above sketch* These rows did not 
terminate downwards in any instance which I could examine, nor 
upwards, except at the point where they were cut off abruptly by 
the bed of gravel. On breaking open the potstones, I found an in- 
ternal cylindrical nucleus of pure chalk, much harder than the 
ordinary surrounding chalk, and not crumbling to pieces like it, 
when exposed to the winter’s frost. At the distance of half a mile, 
the vertical piles of potstones were much farther apart from each 
other. Dr. lluckland has descril>ed very similar phenomena as charac- 
terizing tlie white chalk on the north coast of Antrim, in Ireland.* 

These pear-shaped masses of flint often resemble in shape and size 
the large sponges called Neptune’s cups (Spongia patera^ Hardw.), 
which grow in the seas of Sumatra; and if wo could suppose a series 
of such gigantic sponges to be separated from each otli^r, like trees 
in a forest, and the individuals of each successive generation to grow 
on the. cxact^ spot where the parent sponge died and was enveloped 
in calcareous mud, so that they should become piled one above the 
other in a vertical column, their growth keeping pace with tlie ac- 
cumulation of the enveloping, calcareous mud, a counterpart of the 
plienoiiieiia of the Horstead potstones might be obtained. 

Single pebbles m chalk . — The general absence of sand and pebbles 
in the white chalk has been already mentioned ; but the occurrence 
liere and there, in the south-east of England, of a few isolated peb- 
bles of quartz and green schist, some of them 2 or 3 inches in dia- 
meter, has justly excited much W'ondor. If these had been carried 
to the spots where we now find them by waves or currents from the 
lands once bordering the cretaceous sea, how happened it that nt> 
sand or mud were transported thithey at the same time? We cannot 
conceive such rounded stones to have been drifted like erratic blocks 
by ice (see Chaps. X. and XI.), for that would imply a cold climate in 
the C'retacooUvS period — a supposition inconsistent with the luxuriant 
growth of large chambered univalves, numerous corals, and many 
lish, and other fossils of tropical forms. 

Now in Keeling Island, one of those detached masses of coral 
which ri>e up in the wide Pacitie, Captain Koss found a single 
fragment of greenstone, where every other particle of matter was 
calcareo\is : .and Mr. Darwin concludes that it must have come there 
ontanghMl in the roots of a largo tree. H^romiiidd us that Chamisso, 
the distinguished naturalist who aeeoinpanied Kotzebue, affirms that 
the iiiliai>itants of the Hadack archipelago, a group of lagoon islands 
in the midst of ii\e Paoilic, obtained stones for sharpening their 
instruments by searching the roots of trees which are cast up on the 
beaeh.l 


♦ Ot’ol. Trair* , First Series, vol. iv. f Darwin, ]>. 549. Kotzchiics Fir^t 
p. 4 1 a. *‘011 r.ii\uuomU*a, &c.*’ Voyage, vol. ni. p. 155. 
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It may perhaps bo objected, that a similar mode of transport 
cannot have happened in the cretaceous sea, because fossil worn! is 
very rare in the chalk. Nevertheless wood is sometimes met with, 
and in the same parts of tlie chalk where the pebbles are found, both 
in soft stone and in a silicided state in flints. In these eases it has 
often every appearance of having been floated from a distance, bein^ 
usually perforated by boring-shells, such as the Teredo and Fistu- 
lana,* 

The only other mode of transport which suggests itself is sea- 
weed. Dr. Beck informs mo that in the Lym-Fiord, in Jutland, the 
Facus vesiculosus^ often called kelp, sometimes grows to the height 
of 10 feet, and the branches rising from a single root form a cluster 
several feet in diameter. When the bladders are distended, the plant 
becomes so buoyant as to float up loose stones several inches in dia- 
meter, and these are often thrown by the waves high up on the 
beach. The Fuctis gigante^is of Solander {Macroegstes pyrifern. 
Hooker), so common in Terra del Fuego, was described by (’aptaiii 
Cook as attaining the length of 360 fi|et, although the stem is not 
much thicker than a man's thumb. Dr. Hooker found the same sea- 
w eed T(K) feet long.f It is often met with floating at sea, with shells 
attached, several hundred miles from the spots whon» it grew. Some 
of tliese plants, says Mr. Djirwin, were found adhering to large loose 
stones in the inland ehnnnels of Terra del Fuego, during the voyag<3 
of the “Beagle” in 1834; and that so firmly, that the stones were 
drawn up from the bottom into the boat, although so lieavy that 
they could scarcely be lifted *in by one person. Some fossil sea- 
weeds have been found in the Cretaceous formation, but none, as 
yet, of large size. 

But we must not imagine that because pebbles are so rare in the 
white chalk of England and France there are no proofs of sand, 
sbiugle, and clay having been* accumulated contemporaneously even 
in European seas. The siliceous sandstone, called “ upper (piadcr” 
by the Germans, overlies white argillaceous chalk or “ plauer-kalk,” 
a deposit resembling in composition and organic remains the ebalk 
marl of the English series. This sandstone contains as many ft>ssil 
shells common to our white chalk as could be exp(»ctcd in a sea- 
bottom formed of such different materials. It som(*tiines attains a 
tliickne.ss of 600 feet, and, by its jointed structure and vertical preci- 
pices, plays a conspicuous part in the picturesque scenery of Saxon 
Switzerland, near Dresden. 


FOSSILS OF THE UPPER CRETACEOUS ROCKS. 

Among the fossils of the white chalk, echincxlerms arc very nu- 
merous ; and some of the genera, like Ananchyles (see fig. 287.). 


♦ Mantcll, Gcol. of S. E. of Knptland, p. 96. 
t Flora Antarctica, voi. ii. p. 464. 
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are cxclusivelj oretsceoos. An^ng the Crtaoidea, the Martupiu 
(fig. 294.) is a characteristic genus. Among the moUa8cs,the cepba* 


rt§.m. 



Ananchytii ovttia. White cbelk^ tipper tod lover. 

a. side rlew. 

b. lM>ttom of the shell on which both the oral and anal apeitoree are placed ; 

the anal being more round, and at the smaller end. 

lopoda, or chambered univalves^ of the genera Ammonite, Scaphite, 
Belemnite (fig. 290.), Baculitc (291 — 293.), and Turrilite (296, 297.), 


Fig. 288. 



Micrastrr cor-angmtHum. 
White chalk. 


Fig. 289. 



Galertfes aibofaierus, Lam. 
While chalk. 


with other allied forms, present a great contrast to the testacea of 
the same class in the Tertiary and Recent periods. 


Fig. 290. 



it Belemnites wittcnwio/ws. Syn. BrlrmniMIa mntranaia, 

b. same, shoaiDg internal struclure. Maestricht, Fasoe, and white chalk* 

Fig. 291. 


Baeulitet ancfps. Upper Greensand, or chloHtic marl, craie cbhMt, Franoe. 
A. d’Orb., Terr. Crt*t. 


Flg.29S. 



Portion of B.tcutitrs FatijaniL Portion of Baemitirs amerpt^ 

M<tcstrlclit and Faxuc beds and white chalk. Maeetricht and Faaoe inxls and white chalk. 

Y 2 
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Fig. 994. 


Fig. 99». 




Marsupites M filer t 
\Vhite chaik. 


Senphite* trqftah't, rhl«>rlilr 
marl 1 1 I'piht Cri'i'Uiiand, 
Dorsetshire. 



Axnoii'j tlu* hraoliiojioda in tho whito chalk, tho Trnhrnhiltr an 
MT/ ahuiulant. .shcll.-^ ani known to live at the hotlom of tin 


n<. 



Trrehrnfulina 
L, {e-r white f iiAik. 


rig. 



Hhtfnrltnnrila 

iiefifpitritfa 

V.ir of 7* 

l.’pj.rr white ch.i k 


rig. 



Mnf*n* pu»nlt$. H<»wr. 
I pi'er whiti 


Mg. 3' I. 



/ 


I til Ilf It 

L'l'per while chalk. 


j-ca, wlim* the water in trainjuil nni) of pome ♦lepth (H< e 'Jf's, 
290, *i(X\ 301, o<)2.). Witli Ihesi* are ir^^ociuted Home forms i if oy.'^ier 
(.«ee firfH. 3t)9, 31 1.), anil other bivalves (fig.s. 303, 30*1, 30.>, 

:J07.)* 

Among the bivalve mollusea, no form ninrkH the (Vetaceoim iTa in 
Kuro(>e, America, and India, in a there striking manner thiiii th<' 
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Flf. 301. 



Tercbratuta bipUeata, 
Sow. L’pper creUvcoui. 


Fig. 303. 



Crania Parigimtis, 
Inferior or ■itached 

t'pp«r white chalk. 


Fig. 301. 



Peeiem Beaveri, reduced to 
one- third diameter. 
Lower white ch^lk and chalk 
marl. Maidatoae. 


extinct genus Inoceramus ( CntUlus of Lam, ; see fig. 308.), the shells 
of which are distinguished by a fibrous texture, and are often met 
with in fraginentb, having, probably, been extremely friable. 


Fig. 30!i. 



Pretrn h-cogtatus. 
Wtkiu' ( h ilk. I pper and 
Luwlt Grceuft^nds. 


Fig. 306. 



PtngtOit€mta Ih’Pfri. Sow. 
>}n I.ttrM litipcrt. 
WuilerhAtk ami tpper 
Greenaand. 


Fig. 307. 



7.fma gptnota^ Sow. 
S}!!. SpondjfiHs gpinogug. 
Upper white chalk. 


Of the singular family called Rudhtcs, by Lamarck, hereafter to 
be mentioned us extremely characteristic of the chalk of Soillhern 




ImKcramus l.atnarckS, 

S)n. CattUns Lamafrlii* 

White chalk. (l)ixnn*« tieoL Siusex, Tab* 28 . 


Osirra rrsimtaris, Srn, (trynkarafilabafa. 
Upper chaik and Upper Oreenaaod. 



Europe, a single representative only (fig. 312.) has been discovered 
ill the white chalk of England. 
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Fig. 310. 


Fig. 311. 





Oittrea eolumba, Ostrea carimata. Chalk marl. Upper and 

Syn. Grypkaa eolumba. Lower Greenland. 

Upper Greensand. 


Fig. 312. Fig. 813. 



Fig. 314. Fig. 315. 



Radiolites Mortonu Mantell. Houghton, Sussex. White chalk. 

Diameter one-seventh nat. size. 

Fig. 312. Two individuals deprived of their upper valves, adhering together. 

313. Same seen from above. 

3ll. Transverse section of part of the wall of the shell, magnified to show the structure. 

315. Vertical section of the same. 

On the side where the shell is thinnest, there is one external furrow and corresponding intern.'*! 
ridge, n, ft, figs. .112, 313 ; but they are UkUaliy less prominent th.iii in these figures. Tins speciu.s 
was first referred ^ .Mantell to HippurtleSt afterwards to the genus Jiadtoltfes. 1 have never seen 
the upper vdve. The ai>ecimen above figpred was discovered by the late Mr. Dixon. 


With these inollusca are associated many Bryozoa, such as 
chara and Escharina (figs. 316, 317.), which are alike marine, and, 


Fig. 316. 



Eechara diiticha. 
a. natural size, 
ft. portion magnified 
White chalk. 


for the most part, indicative of a deep sea. These and other organic 
bodies, especially sponges, such as Ventriculites (fig. 318.), are dis- 
persed indifferently through the soft chalk and hard flint, and somo 
of the flinty nodules owe their irregular forms to enclosed sponges 




such as fig. 319. a., where the hollows in the exterior are caused 
by the brandies of a sponge, seen on breaking open the flint (fig. 
319. L). 


Fig. 320. 



Sipkania pyri^ 
fornus, 

Blackdown beds. 


The remains of fishes of the Upper Cretaceous formations consist 
chiefly of teeth of Jtho shark family of genera, in part common to the 
tertiary, and partly distinct. To the latter belongs tlie genus 
Ptychodus (fig. 321.), which is allied to the living Port Jackson 
Shark, Cestracion Phillippi^ the anterior teeth of which (see fig. 
322. a) are sharp and cutting, while the posterior or palatal teetli 
(6) are flat, and analogous to the fossil (fig. 321.). 
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Ft«.m 



Ci'Stracion PhiUippi ; rpcont. 

Fort Jackson. Buckland, Bridgewater Treatise, FI. 27. d. 


But we meet with no hones of land nnimals^nor any terrestrial 
or fluviiitile shells, nor any plants, except sea-weeds, and here and 
tliere a piece of drift-wood. All the appearances concur in leading 
ns to conclude that the white chalk was the product of an open sea 
of considerable depth. 

The existence of turtles and oviparous saiirians, and of a Ttero- 
dactyl or winged lizard, found in the white chalk of Maidstone, Jm- 
])lie3, no doubt, some neighbouring land ; but a few small islets in * 
mid-ocean, like Ascension, formerly so much frequented by migratory 
droves of turtle, might perhaps have afforded the required retreat 
where these creatures laid their eggs in the sand, or from which 
tlie flying species may have been blown out to sea. Of the vegetation 
of such islands we have scarcely any indication, but it consisted 
partly of cycadaceous plants; for a fragment of one of these was found 
by Capt. Ibbetson in the Chalk Marl of the Isle of Wight, and is 
referred by A. Brongniart to Clathraria Lyelliiy Mantell, a species 
common to the antecedent Wealden period. 

The Pterodactyl of the Kentish chalk, above alluded to, was of 
gigantic dimensions, measuring 16 feet 6 inches from tip to tip of its 
outstretched wings. Some of its elongated bones were at first mis- ^ 
taken by able anatomists* for those of birds; of which class no 
osseous remains have as yet been derived from the white chalk, 
although they have been found (as will be seen in the next page) 
in the Upper Greensand. 

Upper Greensand (A. 4., Table, p. 31 2.). — The lower chalk without 
flints passes gradually downwards, in the south of England, into an 
argillaceous limestone, “ the chalk marl,” already alluded to, in 
which ammonites and other cephalopoda, so rare in the higher parts 
of the series, appear. This marly 'deposit passes in its turn into 
beds call^ the Upper Greensand, containing green particles of 
sand of a chloritic mineral. In parts of Surrey, calcareous matter 
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is largely intermixed^ forming a stone called ^rer/one. In the cliffs 
of the southern coast of the Isle of Wight, this upper greensand is 
100 feet thick, and contains bands of siliceous limestone and calca- 
reous sandstone with nodules of chert. '* 

The Upper Greensand is regarded by Mr. Austen and Mr. D. 
Sharpe as a littoral deposit of the Chalk Ocean, and, therefore, 
contemporaneous with part of the chalk marl, and even, perhaps, 
with some part of the white chalk. For as the land went on sinking, 
and the cretaceous sea widened its area, white mud and chloritic 
sand were always forming somewhere, but the line of sea-shoye was 
perpetually varying its position. Hence, though both sand and 
mud originated simultaneously, the one near the land, the other far 
from it, the sands in every locality where a shore became submerged 
might constitute the underlying deposit. 

Gault . — The lowest member of the Upper Cretaceous group, 
usually about 100 feet thick in the S.E. of England, is provincially 
termed Gault. It consists of a dark blue marl, sometimes intermixed 
with greensand. Many peculiar forms of cephalopoda, such as the 


Fossil t of the Upper Greensand. 
Fig. 323. 


Fig. 324. 








а. Tercbrt'rostra lura. 7 lT|»por Greensand. Amwoniit^s Rhotomafiensis, 

б. same, scull in proUie. J 1* ranee. * Upper Grecnsaiul. 


Ffg. 32.^. 




Ancyloceras spinigerumy D*Orb. Syn. Hamiiet spiniger^ Sow. Near Folkestone. Gault. 


Hamite (fig. 32*5.) and Scaphite^ with other fossils, characterize this 
formation, which, small as is its thickness, can be traced by its 
organic remains to distant parts of Europe, as, for example, to the 
Alps. 

The Blackdown beds in Devonshire, celobrated for containing 
many species of fossils not found elsewhere, have been commonly 
referred to the Upper Greensand, which they resemble in mineral 
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character ; but Mr. Sharpe has suggested, and apparently with 
reason, that they are rather the equivalent of the Gault, and were 
probably formed on the shore of the sea, in the deeper parts of 
which the fine mud called .Gault was deposited. Several Blackdown 
species are common to the Lower Cretaceous series, as, for example, 
'Frigonia caudaia^ fig. 334. p. 342. We learn from M. d’Archiuc, 
that in France, at Mons, in the valley of t^e Loire, strata of green- 
sand occur of the same age as the Blackdown beds, and containing 
many of the same fopils. They are also regarded as of littoral 
origin by M. d’Archiac.* 

The phosphate of lime, found near Farnham, in Surrey, and near 
Cambridge, in such abundance as to be used largely by the agri- 
culturist for fertilizing soils, occurs in the Upper Greensand. It is 
doubtless of animal origin, and partly coprolitic, derived from tho 
excrement of fish and reptiles. In this formation near Cambridge 
the late M. Louis Barrett discovered, in 1858, the remains of a bird, 
which was rather larger than the common pigeon, and probably of 
the Order Natatores, and which, like most of the Gull tribe, had 
well-developed wings. Portions of the metacarpus, metatarsus, 
tibia, and femur have been detected, and the determinations of Mr. 
Barrett have been confirmed by Professor Owen. 


FLORA OF THE UPFER CRETACEOUS PERIOD. 

As the upper cretaceous rocks of Europe are, for the most part, 
of purely marine origin, and formed in deep water far from the 
nearest shore, land-plants of this period, as we might naturally have 
anticipated, are very rarely met with. In the neighbourhood of Aix- 
la-Chapelle, however, an important exception occurs, for there 
certain white sands, 400 feet in thickness, contain the remains of 
terrestrial plants in a beautiful state of preservation. Tliese have 
been diligently collected and studied by Dr. Debey, and as they 
afford the only example yet known of a terrestrial flora older than 
the Eocene, in which the great divisions of the vegetable kingdom 
are represented in nearly the same proportions as in our own times, 
they deserve particular attention. Dr. Debey estimates the number 
of species as amounting to more than two hundred, of whicli sixty- 
seven are cryptogamous, chiefly ferns, twenty species of which can 
be well determined, most of them being in fructification. The 
cicatrices on the bark of one or two are supposed to indicate tree- 
ferns. Of thirteen genera three are still existing, namely, Gleichc'- 
^ nia^ now inhabiting the Cape of Good Hope and New Holland ; 
Lygodium^ now living in Japan, Java, and North America ; and 
Asplenium^ a cosmopolite form. Among the phaenogamous plants 
the Conifers are abundant, the most common belonging to a genus 
called Cycadopteris by Debey, and hardly separable from Sequoia 
» 

* des Frogrds de la Geol., &c., vol. iv. p. 360 . 1851 . 
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(or Welling tonia), of which both the cones and branches are pre« 
served. When I visited Aix, I found the silicifted wood of this 
plant very plentifully dispersed through the white sands in the pits 
near*that city. In one silicified trunk 200 rings of annual growth 
had been counted. Species of Araucaria like those of Australia are 
also found. Cycads are extremely rare, and of Monocotyledons there 
are but few. No palms have been recognized with certainty, but 
the genus Pandanus, or screw pine, has been distinctly made out. 
The number of the DicAiyledonous Angiosperms is the most striking 
feature in so ancient a flora.* 

Among them we And the familiar forms of the Oak, Fig, and 
Walnut, Quercus, Ficus, and Juglans, of the latter both the nuts 
and leaves ; also several genera of the Myrtaceae. But the pre- 
dominant order is the ProtcacesB, of which there are between sixty 
and seventy species, many of extinct genera, but some referred to 
the following living forms — Dryandra, Grevillea, Hakea, Banksia, 
Persoonia — all now belonging to Australia, and Leucospermum, 
species of which form small bushes at the Cape. 

The epidermis of the leaves of many of these Aix plants, espe- 
cially of the Proteacese, is so perfectly pi;eserved in an envelope 
of fino clay that under the microscope the stomata, or polygonal 
cellules, can be detected, and their peculiar arrangement is identical 
with that known to characterize some living Proteacese (Grevillea, 
for example). An occasional admixture of Fucoids and Zosterites 
attests, like the shells, the presence of saltwater. 

Of insects. Dr. Debey has obtained about ten species of the 
families Curculionidm and Carabidas. 

The ago of the beds containing this remarkable assemblage of 
plants was for a long time matter of dispute. They were at first 
erroneously referred to the Middle Tertiary, and afterwards to the 
Lower Cretaceous series, but they are in truth the equivalents of the 
white chalk and Chalk Marl, or Senonien of D’Orbigny. Such was 


• In this and subsequent remarks on fossil plants I shall often use Dr. Liniley’s 
terms, as most familiar in this country ; but as those of M. A. Broogniart are 
much cited, it may be useful to geologists to give a table explaining the corre- 
sponding names of groups so much spoken of in palasontology. 


o 

I, 


Brongniart 

1. Cryptogainous am- \ 

phigens, or cellular )• 
cryptogamic. j 

2. Cryptogamous acro- 

gens. 

3. Dicotyledonous gym- 

nosperma 

4. Dicot. Angiosperms. 


5. Monocotyledons. 


Lindley. 

Thallogcns. 

Acrogens. 

Gymnogens. 

Exogens. 

Endogens. 


Lichens, sea-weeds, fungi. 

Mosses, equisetums, ferns, lyco- 

' podiums, — Lepidodendron. 

Conifers and Cycads. 

Compositte, leguminosie, um- 
bellifersQ, cruciferm, heaths, 
&C. All native European 
trees except conifers. 

Palms, lilies, aloes, rushes, 
grasses, Ac. 
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Ferdinand Romer’s opinion in 1853*, and after examining the coun- 
try in 1857, I satisfied myself that he was right, although the white 
siliceous sands of the lower beds, and the green grains in the upper 
part of tlie formation, cause it to differ in mineral character from 
our white chalk. 

In travelling from Maestricht to Aix-la-Chapelle, we first pass 
from the Maestricht beds to white chalk, with Hints, about 300 feet 
thick, next to which, in descending order, wo find chalk without 
Hints, and Chalk Marl ; and bdow this a^in, greensand, which 
contains Belemnitella mucronata (fig. 290. p. 323.), and other 
fossils, showing that it is not the equivalent of the English Upper 
Greensand. Below this are the white and yellow sands of Aix, 
about«400 feet thick, which rest immediately on ancient Devonian 
rocks, highly inclined. Some of the sand in the lower beds has 
concreted into solid masses of sandstone, like the German Quader 
Sandstein. 

Beds of fine clay, with fossil plants, and with seams of lignite 
and even perfect coal are intercalated. Floating wood, containing 
perforating shells, such as Pholas, and Gastrochcena also occur. 
There are likewise a few beds of a yellowish brown limestone, with 
marine shells, which enable us to identify the lowest with the 
highest plant-beds. Among these shells are Pecien quadricostatus^ 
and several others which are common to the upper and lower part of 
the series, and a Trigonia, called by some of the Aix naturalists 
T. alaeformisy which, as M. Bosquet pointed out to me, agrees far 
better in character with D’Orbigny’s T, limhatay a shell of the 
^ white chalk. On the whole the organic remains and the geological 
position of the strata prove distinctly that in the neighbourhood of 
Aix-la-Chapelle, a gulf of the ancient cretaceous sea was bounded 
by land composed of Devonian rocks. These rocks consisted of 
quartzose and schistose beds, the first of which supplied white sand 
and the other argillaceous mud to a river which entered the sea at 
this point, carrying down in its turbid waters much drift-wood and 
the ^aves of plants. Occasionally, when the force of the river 
abated, marine shells of the genera Trigoniay Turritellay Pecteiiy 
&c., established themselves in the same area, and plants allied to 
Zostera and Fucus 'grew on the bottom. 

Before the cretaceous flora of Aix-la-Chapelle was known, a few 
leaves of a dicotyledonous and angiospermous genus, called “ Cred- 
neria,” were known in the Quader Sandstein ” and “ Pliiner Kalk,” 
of Germany, rocks corresponding in age to the white chalk and 
gault of England. But such fossil plants^ were the only representa- 
tives in rocks older than the Eocene period of those Exogens 
which now constitute three-fourths of the living vegetation of the 
globe. 

M. Adolphe Brongniart, when dividing the whole fossiliferous 


* F. Romci^ Kreidebildung der Gcgend von Aachen. Deutsch. Geol. Ge- 
sellsch., vii. 534. 
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series into three groups in reference solely to fossil plants, has named 
the primary strata the age of acrogens the secondary, exclusive 
of the cretaceous, ‘‘ the age of gymnosperms and the third, com- 
prising the cretaceous and tertiary, “the age of angiosperms.” 
He considers the cretaceous flora as displaying a transitional charac- 
ter from that of a secondary to that of a tertiary vegetation. Coni- 
fens and Cycadece (or Gymnogens) still flourished, as in the pre- 
ceding oolitic and triassic epochs ; while, together with these, some 
well-marked leaves of dicotyledonSus angiosperms appeared. But 
now that the fossil plants of Aix-la-Chapelle are with certainty re- 
ferred to an Upper Cretaceous era, the line dividing the ages of 
gymnosperms and of angiosperms seems to run between the Lower 
and Upper Cretaceous formations, or between the Lower GreaBsand 
and the sands of Aix. 

The resemblance of the flora of Aix-la-Chapelle to the tertiary 
and living floras in the proportional number of dicotyledonous an- 
giosperms as compared to the -gymnogens, is a subject of no small 
theoretical interest, because we can now affirm that these Aix 
plants flourished before the rich reptilian faSina of the secondary 
rocks had ceased to exist. The Ichthyosaurus, Pterodactyl, and 
Mosasaurus were of coeval date with the oak, the walnut, and the 
fig. Speculations have often been hazarded respecting a connection 
between the rarity of Exogens in the older rocks and a peculiar 
state of the atmosphere. A denser air, it was suggested, had in 
earlier times been alike adverse to the wellbeing of the higher 
order of flowering plants, and of the quick -breathing animals, such 
as mammalia and birds, while it was favourable to a cryptogamic 
and gyinnospermous flora, and to a predominance of reptile life. 
But we now learn that there is no incompatibility in the co-exist- 
cnce of a vegetation like that of the present globe, and some of the 
most remarkable forms of the extinct reptiles of the age of gymno- 
sperms. 

If the passage seem at present to be somewhat sudden from the 
flora of the Lower to that of the Upper Cretaceous period, the 
abruptness of the change will probably disappear when we are 
better acquainted with the fossil vegetation of the Lower Green- 
sand, and with that of the Gault. and Upper Greensand. 

HIPPURITE LIMESTONE. 

Difference between the chalk of the North and South of Europe . — 
By the aid of the three tests of relative- age, namely, superposition, 
mineral character, and fossils, the geologist has been enabled to refer 
to the same Cretaceous period certain rocks in the north and south 
of Europe, which differ greatly both in their fossil contents and in 
their mineral composition and structure. • 

If wo attempt to trace the cretaceous deposits from England and 
France to the countries bordering the Mediterranean, we perceive, 
in the first place, that the chalk and greensand in the neighbourhood 
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of London and Paris form one great continuous mass, the Straits of 
Dover being a trifling interruption, a mere valley with chalk cliffs 
on both sides. We then observe that the main body of the chalk 
which surrounds Paris stretches from Tours to near Poitiers (seethe 
, annexed map, fig. 326., in which the 
shaded part represents chalk). 

Between Poitiers and La Rochelle, 
the space marked A on the map sepa- 
rata's two regions of chalk. This space 
is occupied by the Oolite and certain 
other .formations older than the Chalk, 
and has been supposed by M. E. de 
Beaumont to have formed ah island in 
the cretaceous sea. South of this space 
we again meet with a formation which 
we at once recognize by its mineral 
character to be chalk, although there 
are some places where the rock becomes 
oolitic. The fossils are, upon the whole, 
very similar ; especially certain species 
of the genera Spatangus, Aftancht/tes, 
Cidarites, Nucula^ OstreOy GryphcRa 
{Exogyrd), Pecteriy Plagiosfoma{Lima)j 
Trigoniay Catillus (Inocerajnus), and 
Terebratula.* But Ammonites^ as M. 
cVArchiac observes, of which so many species are met with in the 
chalk of the north of France, are scarcely ever found in tlie southern 
region ; while the genera Hamite^ Turrilite^ and Scaphite^ and per- 
haps Belemnite^ are entirely wanting. 

On the other hand, certain forms are common in the south which 
are rarely or wholly unknown in the north of France. Among these 
may be mentioned many Hippurites, SphtBrulUes^ and other mem- 
bers of that great family of mollusca called Rudistes by Lamarck, to 
which nothing analogous has been discovered in the living creation, 
but which is quite characteristic of rocks of the Cretaceous era in 
the south of France, Spain, Sicily, Greece, and other countries 
bordering the Mediterranean. 

The species called Hippurites organisans 329.) is more abun- 
dant than any other in the south of Europe ; and the geologist 
should make himself well acquainted with the cast </, which is far 
more common in many compact marbles of the Upper Cretaceous 
period than the shell itself, this having often wholly disappeared. 
The flutings, or smooth, rounded, longitudinal ribs, representing the 
form of the interior, are wholly unlike the Hippurate itself, and in 
some individuals attain a great size and length. 

Dfetween the region of chalk last mentioned, in which Perigueux 

* B’Archiac, Sur la Form. Crctacee du S.-0. de la Frtince, Mem. de la Soc. 
Geol. de France, tom. ii. 


Fig. 326. 




OF SOUTH OF EUKOPE. 


335 


Ch. XVII.] 


is situated, and the P 3 rrenees, the space B intervenes. (See Map, 
fig. 326.). Here the tertiary strata cover, and for the most part con- 
ceal, the cretaceous rocks, except in some spots where they have 


F)g. 827. 


a 



a. Eadiolitcn radiosa, D’Orb. 

b. upper valve* of same. 

White chalk of France. 


• Fig. 828. 



Jiadiolitea foliacfust D*Orb. 
Syn. Spharuiiteg a§artci~ 
formii, Blainv. 
White chalk of France. 


Fig. 329. 



Hippurites organfganSt Desmoulins. 

Upper chalk : — chalk marl of Pyrenees ? * 
a, young individual ; when fUll grown they occur in groups adhering 
laterally to each other. 

b. upper side of the upper valve, showing a reticulated structure in 

those parts, b, where the external roating is worn off. 

c. upper end or opening of the lower and cylindrical valve. 

d. cast of the interior of the lower conical valve. 


been laid open by the denudation of the newer foimations. In these 
places they are seen still preserving the form of a white chalky rock, 
which is charged in part with grains of greensand. Even as far 
south as Terciff, on the Adour, near Dax, cretaceous rocks retain 
this character. I examined them in 1828, and M. Grateloup fgund 
in them Ananchytes ovata (fig, 287. p. 323.), and other fossils of the 
English chalk, together with Hippurites. 


D'Orbigiiy*s Palcontologie Fran^aise, PI. 533. 
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CRETACEOUS ROCKS TN THE UNITED STATES- 

If we pass to the American continent, we find in the State of New 
Jersey a series of sandy and argillaceous beds wholly unlike our 
Upper Cretaceous syst^pi ; which we can, nevertheless, recognize as 
referable, palaeontologically, to the same division. 

That they were about the same age generally as the European 
chalk and greensand, was the conclusion to which Dr. Morton and 
Mr. Conrad came after their investigation of the fossils in 1834. 
The strata consist chiefly of greensand and green marl, with an over- 
lying coralline limestone of a pale yellow colour, and the fossils, on 
the whole, agree most nearly with those of the upper European 
series, from the Maesiricht beds to the gault inclusive. I collected* 
sixty shells from the New Jersey deposits in 1841, live of which 
were identical with European species — Ostrea larva, O. vesictihtris^ 
Gryphcea costata^ Pecten quinque-costatus^ Belemnites mueronatus. 
As some of these have the greatest vertical range in Euro’pe, they 
might be expected more than any others to recur in distant parts of 
the globe. Even where the species were different, the generic forms, 
such as the Baculite and certain sections of Ammonites, as also the 
Inoceramus (see above, fig. 308. p. 325.) and other bivalves, have a 
decidedly cretaceous aspect. Fifteen out of the sixty shells above al- 
luded to were regarded by Professor Forbes as good geographical re- 
])rcsentatives of well-known cretaceous fossils of Europe. The cor- 
respondence, therefore, is not small, when we reflect that the part of 
the United States where these strata occur is between 3000 and 4000 
miles distant from the chalk of Central and Northern Europe, and 
that there is a difference of ten degrees in the latitude of the places 
compared on opposite sides of the Atlantic.* 

Fish of the genera Lnmnn, Galena^ and Carchnrodon are common 
to New Jersey and the Phiroi)ean cretaceous rocks. So also is the 
genus Mosasaurus among reptiles. The vertebra of a Plesiosaurus, 
a reptile known in the English chalk, had often been cited on the 
authority of Dr. Harhan as occurring in the creta»?eous marl, at 
Mullica Hill, in New Jersey. But Dr. Leidy has since shown that 
the bone in question is not saurian but cetaceous, and wh(*ther it can 
truly lay claim to the liigh antiquity assigned to it, is a point still 
open to discussion. The discovery of another mammal of the seal 
tribe {Stenorhynchus vetus^ Leidy), from a lower bed in the creta- 
ceous series in New Jersey, appears to rest on better evidence.f 

* See a paper by tho Author, Quart, delphla on which this new genus was 
.Joiirri. Gcol. Sue., vol. i. p. 79. toiiiided, and afterwards, with the aid of 

t III the Principles of Geology, ninth Mr. Conrad, traced one of them to a 
cd. p. 145., I cited Dr. Leidy of ]*hi- ALolywc marl ])it in T'unihcrland County, 
ladelphia as having described (Pro- New Jersey. The other (tlu; Plesiosaurus 
ceedings of Acad. Nat. Sci. Philad., o^ Harlan), labelled “Mullica Hill” in 
18.51) two species of cetacea of a new the Ma.seum,wou{d no doubt he an upper 
genus which he called Priscuclelphinns^ crcuieuous fossil, if really derived from 
from the greensand of New Jerse> In that h»ea)ity, hut its ininend condition 
1853, I saw the two vcitebrte at Phila- makes the "point rather doiihtlul. The 



CRETACEOUS ROCKS. 


Ch. xvir.] 


337 


From New Jersey the cretaceous rocks extend southwards to 
North Carolina and Georgia, cropping out at intervals from beneath 
the tertiary strata, between the Appalachian Mountains and the 
Atlantic. They then sweep round the southern extremity of that 
chain, in Alabama and Mississippi, and stretch northwards again to 
Tennessee and Kentucky. They have also been traced far up the 
valley of the Missouri, as far north as lat. 48°, or to Fort Mandan ; 
so that already the area which they are ascertained to occupy in 
North America may perhaps equal their extent in Europe, and 
exceeds that of any other fossiliferous formation in the United 
States. So little do they resemble mineralogically the European 
white chalk, that in North America, limestone is upon the whole an 
exception to the rule ; and, even in Alabama, where I saw a calca- 
reous member of this group, composed of marl-stone, it was more 
like the English and French Lias than any other European secondary 
deposit. 

At the base of the system in Alabama, I found dense masses of 
shingle, perfectly loose and unconsolidated, derived from the waste of 
palmozoic (or carboniferous) rocks, a mass in no way distinguishable, 
except by its position, from ordinary alluvium, but covered with 
marls abounding in Inocerami. 

In Texas, according to F. Romer, the chalk assumes a new litho- 
logical type, a large portion of it consisting of hard siliceous lime- 
stone, but the organic remains leave no doubt in regard to its age, 
t\\Q BacuUtes anceps and 10 other European species occurring there. 
Fossil plants from New Jersey, and others, obtained from the creta- 
ceous rocks by Messrs. Meek and Hayden in Nebraska, include, 
according to Dr. Newberry, many genera of dicotyledonous angio- 
sperms in the same way as does the flora of Aix-la-Chapelle, above 
described, p. 333. 

In South America the cretaceous strata have been discovered in 
Columbia, as at Bogota and elsewhere, containing Ammonites, Ha- 
mites, Inocerami, and other characteristic shells.* 

In the south of India, also, at Pondicherry, Verdachellum, and 
Trinconopoly, Messrs. Kaye and Egerton have collected fossils be- 
longing to the cretaceous system. Taken in connection with those 
from tlic United States, they prove, says Prof. E. Forbes, that those 
powerful causes which stamped a peculiar character on the forms of 
marine animal life at this period, exerted their full intensity through 
the Indian, European, and American seas.j' Here, as in Northland 


tooth of Stenorhynchis vetus figured by 
Leidy from a drawing of Conrad’s 
(Proceed, of Acad. Nat. Sci. Philad., 
1853, p. 377.), was fofliid by Samuel R. 
Wetherill, Evq.,in the greensand l^mile 
south-east of Burlington. This gentle- 
man related to me and Mr. Conrad, in 
1853, the circumstances under which he 
met with it, associated with Ammonites 


placenta^ Ammonites Belawarensis, TH- 
gonia thoracica^ &c. The tooth has 
been mislaid, but not until it had excited 
much interest and had been carefully 
examined by good zoologists. 

* Proceedings of the Gcol. Soc., toI. iv. 
p. .391. 

t See Forbes, QuarL Gcol Jowu., yol 
i. p. 79s 
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South America, the cretaceous character can be recognized even 
where there is no specific identity in the fossils ; and the same may 
be said of the organic type of those rocks in Europe and India which 
occur next to the chalk in the ascending and. descending order, 
namely, the Eocene and the Oolitic. 
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CHAPTER XVIIL 

LOWER CRETACEOUS AND WEALDER FORMATIONS. 

Lower Greensand — Term “Neocomian** — Atherfield section, Isle of Wight- - 
Fossils of Lower Greensand— Palaeontological relations of the Upper and Lower 
Cretaceous strata — Wealden Formation — Freshwater strata intercalated between 
two marine groups — Weald Clay and Hastings Sand — Tunbridge rocks — Fossil 
shells, fish, and plants of Wealden — ^Their relation to the Cretaceous type — 
Geographical extent of Wealden — Movements in the earth’s crust to which the 
Wealden owed its origin and submergence. 

The term “ Lower Greensand ” has hitherto been most commonly 
applied to such portions of the Cretaceous series as are older than 
the Gault. But the name has often been complained of as incon<<» 
venient, and not without reason, since green particles are wanting 
in a large part of the strata so designated, even in England, and 
wholly so in some European countries. Moreover, a subdivision of 
the Upper Cretaceous group has likewise been called Greensand, and 
to prevent confusion the terms Upper and Lower Greensand were 
introduced. Such a nomenclature naturally leads the uninitiated 
to suppose that the two formations so named are of somewhat co-or- 
dinate value, which is so far from being true, that the Lower Green- 
sand, ill its widest acceptation, embraces a series nearly as important 
as the whole Upper Cretaceous group, from the Gault to the Maes- 
tricht beds inclusive ; while the Upper Greensand is but one subor- 
dinate member of this same group. Many eminent geologists have, 
therefore, proposed the term “ Neocomian ” as a substitute for Lower 
Greensand ; because, near Neufchatel (Neocomum), in Switzerland, 
these Lower Greensand strata are well developed, entering largely 
into the structure of the Jura mountains. By the same geologists 
the Wealden beds are usually classed as Lower Neocomian,” a 
classification which will not appear inappropriate when we have 
explained, in the sequel, the intimate relation of the Lower Greensand 
and Wealden fossils. 

Dr. Fitton, to whom we are indebted for an excellent monograph 
on the Lower Cretaceous (or Greensand) formation as developed in 
England, gives the following as the succession of rocks seen in parts 
of Kent. 

Ko. 1. Saud, white, yellowish, or femiginoos, with concretion 

of limestone and chert . - - - - 70 feet. 

2. Sand with green matter - - %. - - ’0 to 100 feet. 

3. Calcareous stone, called Kentish rag -> • - SO to 80 feet. 
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In his detailed description of the line section displayed at Ather- 
field, in the south of the Isle of Wight, we find the limestone wholly 
wanting; in fact, the variations in the mineral composition of this 
group, even in contiguous districts, is very great ; and on comparing 
the Atherfield beds with corresponding strata at Hythe in Kent, 
distant 95 miles, the whole series presents a most dissimilar aspect.* 

On the other hand, Professor E. Forbes has shown that when the 
sixty-three strata at Atherfield are severally examined, the total 
thickness of which he gives as 843 feet, there are some fossils which 
range through the whole series, others which are peculiar to parti- 
cular divisions. As a proof that all belong chronologically to one 
system, he states that whenever similar conditions are repeated in 
overlying strata the same species reappear. Changes of depth, or 
of the mineral nature of the sea-bottom, the presence or absence of 
lime or of peroxide of iron, the occurrence of a muddy, or a sandy, 
or a gravelly bottom, are marked by the banishment of certain species 
and the predominance of others. But these differences of renditions 
being mineral, chemical, and local in their nature, have nothing to 
do with the extinction, throughout a large area, of certain animals 
or plants. The rule laid down by this eminent naturalist for ena- 
bling us to test the arrival of a new state of things in the animate 
world, is- the representation by new and different species of corre- 
sponding genera of mollusca or other beings. When the forms proper 
to loose sand or soft clay, or to a stony or calcareous bottom, or to a 
moderate or great depth of water, recur with all the same species, 
the interval of time has been, geologically speaking, small, however 
dense the mass of matter accumulated. But if, the genera remaining 
the same, the species are changed, we have entered upon a new 
period ; and no similarity of climate, or of geographical and local 
conditions, can then recall the old species which a long series of 
destructive causes in the animate and inanimate world has gradually 
annihilated. On passing from the Lower Greensand to the Gault, 
we suddenly reach one of these new epochs, scarcely any of the 
fossil species being common to the lower and upper cretaceous sys- 
tems, a break in the chain implying no doubt many missing links 
in the series of geological monuments, which we may some day be 
able to supply. 

One of the largest and most abundant shells in the lowest strata 
of the Lower Greensand, as displayed in the Atherfield section, is 
the large Perna Mulleti^ of which a reduced figure is here given 
(fig. 330.). 

In the south of England, during the accumulation of the Lower 
Greensand above described, the bed of the sea appears to have been 
continually sinking, from the commencement of the period when the 
freshwater Wealden beds were submerged, to the deposition of those 
strata on which the gault immediately reposes. 

* Dr. ]^ton. Quart. Geoj- Jour., able table showing the vertical range of 
Tol. i. p. 179«, ii. p. 55., and iii. p. 289., the various fossils of the Lower Green- 
where comparative sections and a valu- sand at Atherfield are given. 
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Pebbles of quartzose sandstone, jasper, and flinty slate, together 
with grains of chlorite and mica, speak plainly of the nature of the 


Fig. 330. 



a 


Perna JduUeii, Desh. and Leym. 

A exterior. b, part of hinge of upper valve. 

pre-existing rocks, from the wearing down of which the Greensand 
beds were derived. The land, consisting of such rocks, was doubt- 
less submerged before the origin of the white chalk, a deposit which 
originated in a more open sea, and in clearer waters. 

The fossils of the Lower Cretaceous are for the most part speci- 
fically distinct from those of the Upper Cretaceous strata. 

Among the former we often meet with the genus Scaphites or 



Ancyloceras (fig. 331.), which has been aptly described as an ammo- 
nite more or less uncoiled ; also a furrowed Nautilus^ iV. plicatus 
(fig. 332.), Trigonia caudata (fig. 334.), likewise found in the Black- 
down beds (see above, p. 329.), and GervilHa^ a bivalve genus allied to 
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Avicula ; also the remarkable shell Diceras Lonsdalii^ eminently cha- 
racteristic of the ferruginous beds of the Lower Greensand in Wilts. 


Fig. 333. Fig. 334. Fig. 335. 



Gervfllia ancepif Desh. Trigonta caudata^ Agasi. Terebratula teUa, 

Lower Greensand. Lower Greensand. Sow. Lower 

Greeuitand. 


This genus is closely allied to Chama^ and the cast of the interior 
has been compared to the horns of a goat. The same shell has been 
referred by some authors to Caprotina^ and by others to Requienia. 


Fig. 336. 



Diceras Lonsdalii. Lower Greensand, Wilts. 

0 . the biralve shell. b. cast of the same. 

Palceontological relation of the Upper and Lower Cretaceous 
Rocks, — ^Professor Ramsay has deduced from an analysis of tables 
drawn up by Mr. Etheridge of the fossils of the Cretaceous series of 
Great Britain the following conclusions : — ^First, that a great num- 
ber of species are common to the different subdivisions of the Up- 
l^er Cretaceous group, such as the Gault, Upper Greensand, White 
Chalk, &c. 

Secondly, that there is a great break between the Lower and 
Upper Cretaceous series, for of 280 species of al^inds of animal 
remains known in the Lower Cretaceous, 233 are ^culiar, and 31, 
or only about 18 per cent., pass from the Lower Greensand to the 
Gault and overlying strata. 

The same geologist adds, This break and disappearance of so 
many species in succession is accompanied by a stratigraphical break 
as well; for round the Weald it is known that in some of the very 
few exposures of junctions the Gault has been seen lying on eroded 
surfaces of Lower Greensand, while in the western and middle parts 
of England, on the west and north of the great chalk escarpment, 
the fi^quent and sudden overlaps of the Lower Greensand by the 
Gault leave no doubt that the upper formation lies actually uncon- 
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formably on the lower, and the time occupied by the denudation has 
been with us unrepresented by any stratified formation.”* Yel, 
while there is so much difference between the organic remains of the 
Upper and Lower Cretaceous rocks, the Cretaceous scries, palaeon- 
tologically considered, forms an independent whole, haying scarcely 
any species in common with the Oolitic series which preceded it, or 
with the Eocene which followed. Thus, by referring to the tables 
above mentioned, we observe that 621 species are enumerated as 
known in the Upper Chalk of England, all of which, with the ex- 
ception of Terehratula capuUserpentu^ and a few Foraminifera, had 
become extinct before the beginning of the Eocene epoch, as repre- 
sented by the Tbanet sands. 

On the other hand, when the lowest marine strata or Atherfield 
beds of the Cretaceous series are compared with the marine forma- 
tions of the Upper Oolite, we find that no British species pass from 
one to the other, and we know that this change in the organic world 
coincides in date with that enormous lapse of time during which the 
freshwater formations of the Wealden and Purbeck, more than 1500 
feet in thickness, were deposited. 

WEALDEN FORMATION. 

Beneath the Lower Greensand in the S.E. of England, a fresh- 
water formation is found, called the Wealden (see Nos. 5 and 6, 
Map, fig. 355. p. 356.), which, although it occupies a small horizontal 
area in Europe, as compared to the White Chalk and Greensand, is 
nevertheless of great geological interest, since the embedded remains 
give us some insight into the nature of the terrestrial fauna and 
flora of the Lower Cretaceous epoch. The name of Wealden was 
given to this group because it was first studied in parts of Kent, 
Surrey, and Sussex, called the Weald (see Map, p. 356.) ; and we are 
indebted to Dr. Mantell for having shown, in 1822, in his “ Geology 
of Sussex,” that the whole group was of fluviatile origin. In proof 
of this he called attention to the entire absence of Ammonites, Be- 
lemnites, Terebratulm, Echinites, Corals, and other marine fossils, 
so characteristic of the Cretaceous rocks above, and of the Oolitic 
strata below, and to the presence in the Weald of Paludinae, Melaniae, 
and various fluviatile shells, as well as the bones of terrestrial reptiles 
and the trunks and leaves of land-plants. 

The evidence of so unexpected a fact as the infra-position of a 
dense mass of purely freshwater origin to a deep-sea deposit (a phe- 
nomenon with which we have since become familiar) was received, 
at first, with no small doubt and incredulity. But the relative po- 
sition of the bed3 is unequivocal ; the Weald Clay being distinctly 
seen to pass beneath the Lower Greensand in various parts of Surrey, 
Kent, and Sussex, and to reappear in the Isle of Wight at the base 
of the Cretaceous series, being, no doubt, continuous far beneath the 

* Ramsay, Anniversary Address, GeoL Quart. Joum., vol. xx. p. 58. 
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surface, as indicated by the dotted lines in the annexed diagram, 

^g. 337. 

Fig. 337. 


Isle of Wight Hants. Sussex. 



a. Chalk. b. Greensand. c. Weald Clay. d. Hastings Sand. e. Furbeck beds. 

The Wealden is divisible into two minor groups : — 

Greatest 

kno\%n 

thickness. 

1st. Weald Clay — blue and brown clay and shale, sometimes including 

thin beds of sand and shelly limestone with Paludina - - 600 ft. 

2d. Hastings Sand—chiefly arenaceous, but in which occur some clays 

and calcareous grits ♦ - - - - - - 740 ft. 

Another freshwater formation, called the Purbeck, consisting of 
various limestones and marls, containing distinct species of molluscs, 
Cyprides^ and other fossils, lies immediately beneath the Wealdeii in 
the south-east of England. As it is now found to be more nearly 
related, by its organic remains, to the Oolitic than to the Cretaceous 
Series, it Avill be treated of in the twentieth chapter. 


Weald Clay. 

The upper division, or Weald Clay, is of purely freshwater origin. 
Its highest beds are not only conformable, as Dr. Fit ton observes, 
to the inferior strata of the Lower Greensand, but of similar 
mineral composition. To explain this, w^e may suppose, that, as tlie 
delta of a great river was tranquilly subsiding, so as to allow the 
sea to encroach upon the space previously occupied by fresh water, 
the river still continued to carry down the same sediment into the 
sea. In confirmation of this view it may be stated, that the remains 
of the Iguanodon Mantelli^ a gigantic terrestrial reptile, very 
characteristic of the Wealden, has been discovered near Maidstone, 
in the overlying Kentish rag, or marine limestone of the Lower 
Greensand. Hence we may infer, that some of the saurians which 
inhabited the country of the great river continued to live when 
part of the country had become submerged beneath the sea. Thus, 
in our own times, we may suppose the bones of largo alligators to 
be frequently entombed in recent freshwater strata in the delta of 
the Ganges. But if part of that delta should sink down so as to 
be covered by the sea, marine formations might begin to accumulate 
in the same spaco where freshwater beds had previously boon 
formed ; and yet the Ganges might still pour down its turbid 

waters in the same direction, and carry seaward the carcases of the 
>■ 

* Dr. PittOD, Gcul. Trans., Second Scries, vol. iv. p. 320. 
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same species* of alligator^ in which case their bones might be in- 
clitded in marine as well as in subjacent freshwater strata. 

The Iguanodon, first discovered by Dr. Mantell, has left more of 
its remains in the Wealden strata of the south-eastern counties and 
Isle of Wight than has any other genus of associated saurians. It 
was an herbivorous reptile, and regarded by Cuvier as more extra- 
ordinary than any with which he was acquainted ; for the teeth, 
though bearing a great analogy, in their general form and crenated 
edges (sec figs. 338. a., 338. 6.), to the modern Iguanas which now 
frequent the tropical woods of America and the West Indies, ex- 
hibit many striking and important differences. It appears that they 
have often been worn by the process of mastication ; whereas the 
existing herbivorous reptiles clip and gnaw off the vegetable pro- 
ductions on which they feed, but do not chew them. Their teeth 
frequently present an appearance of having been chipped off, but 
never, like the fossil teeth of the Iguanodon, have a fiat ground 
surface (see fig. 339. 6.), resembling the grinders of herbivorous 


Fig. 338. Fig. 339. 



Fig. 338. b. tooth of Iguanodon Mantellf. 

339. a. partially worn tooth of young indiTldual of the came. 
b. cruwu of tooth in adult, worn down. (Maotell.) 


inammalia. Dr. Mantell computes that the teeth and bones of this 
species which passed under his examination during twenty years 
must have belonged to no less than seventy-one distinct individuals, 
varying in age and magnitude from the reptile just burst from the 
egg, to one of which the femur measured twenty-four inches in 
circumference. Yet, notwithstanding that the teeth were more 
numerous than any other bones, it is remarkable that it was not 
until the relics of all these individuals had been found, that a soli- 
tary example of part of a jawbone was obtained. More recently 
remains both of the upper and lower jaw have been met with in the 
Hastings beds in Tilgate Forest. Their size was somewhat greater 
than had been anticipated, and Dr. Man tell, who does not agree with 
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Professor Owen that the tail was short, estimates 'the probable 
length of some of these saurians at between 50 and 60 feet. 
The largest femur yet found measures 4 feet 8 inches in length, 
the circumference of the shaft being 25 inches, and if measured 
round the condyles, 42 inches. 

Occasionally bands of limestone, called Sussex Marble, occur 
in the Weald Clay, almost entirely composed of a species of 
Paludina^ closely resembling the common P. vivipara of English 
rivers. 

Shells of the Cypris^ a genus of Crustaceans before mentioned 
(p. 31.) as abounding in lakes and ponds, are also plentifully scat- 
tered through the clays of the Wealden, sometimes producing, like 
plates of mica, a thin lamination (see fig. 342.). Similar cypris- 
bearing marls are found in the lacustrine tertiary beds of Auvergne 
(see above, p. 222.). 


Fig. 340. Fig. 341. Fig. 342. 



Cypria Cypria Valdenaia, Fitton. Weald clay with Cyprides. 

spmifiera, {V^JabUt Min. Con. 485.) 

Fiiton. 


Hastings Sands. 

This lower division of the Wealden consists of sand, sandstone, 
calciferous grit, clay, and shale ; the argillaceous strata, notwith- 
standing the' name, predominating somewhat over the arenaceous, 
as will be seen by reference to the following section, drawn up by 
Messrs. Drew and Foster, of the Government Survey of Great 
Britain : — 


Hastings Sand. J 


NanriM of Subordinate 
Formations. 

Mineml Composition 
of the Strata. 

Thickness 
in Feet. 

Tunbridge Wells 
Sand 

1 Sandstone and loam - 

- 150 

Wadhurst Clay - 

(Blue and brown shale and 

I clay with a little calc-grit - 

- 100 

Ashdown Sand - 

f Hard sand with some beds of 

1 calc-grit - - - - 

- 160 

Ashburnham Beds 

[Mottled white and red clay 
i with some sandstone 

- 330 


The picturesque scenery of the “ High Rocks and other places 
in the neighbourhood of Tunbridge is caused by the steep na^ral 
cliffs, to which a hard bed of white sand, occurring in the upper 
part of the Tunbridge Wells Sand, mentioned in the above table, 
gives rise. Mr. Drew found this bed of rock-sand ” to vary in 
thickness from 25 to 48 feet. Large massds of it, which were by 
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no means hard or capable of making a good building-stone, form, 
nevertheless, projecting rocks with perpendicular faces, and re- 
sist the degrading action of the river because, says Mr. Drew, they 
present a solid mass without planes of division.* The calcareous 
sandstone and grit of Tilgate Forest, near Cuckfield, in which 
the remains of the Iguanodon and Hylseosaurus were first found 
by Dr. Mantell, constitute an upper member of the Tunbridge Wells 
Sand, while the ‘‘sand-rock” of the Hastings cliffs, about 100 
feet thick, is one of the lower members of the same. The rep- 
tiles, which are very abundant in this division, consist partly of 
saurians, referred by Owen and Mantell to eight genera, among 
which, besides those already enumerated, we find the Megalosau- 
rus and Plesiosaurus. The Pterodactyl also, a^fiying reptile, is met 
with in the same strata, and many remains of Chelonians of the 
genera Trionyx and EmySy now confined to tropical regions. 

The fishes of the Wealden are chiefly referable to the Ganoid and 
Placoid orders. Among them the teeth and scales of Lepidotus are 
most widely diffused (see fig. 343.). These ganoids were allied to 

Fig. 343. • 



Lepidotus Mantetti, Agatt. Wealdeu. 
a. palate and teeth. 6. side view of teeth. e, soale. 


the Lepidosteus^ or Gar-pike, of the American rivers. The whole 
body was covered with large rhomboidal scales, very thick, and 
having the exposed part coated with enamel. Most of the species 
of this genus are supposed to have been either river-fish, or inha- 
bitants of the sea at the mouth of estuaries. 

Tlie shells of the Hastings beds belong to the genera Melanopsis^ 
Melania, Paludina, Cyrena, Cyclas, Unio (see fig. 344.), and others, 
which inhabit rivers or lakes ; but one band has been found at 
Punfield, in Dorsetshire, indicating a brackish state of the water, 
where the genera Corbula (see fig. 345.), Mytilus, and Ostrea occur ; 
and in some places this bed becomes purely marine, the species 
being for the most part peculiar, but several of them well-known 
Lower Greensand fossils, among which Ammonites Deshayesii may 
be mentioned. hese facts show how closely related were the faunas 
of the Wealden and Cretaceous periods. 

At different heights in the Hastings Sand, we find again and 


* Quart Geol. Joum., 1861, vol. xvii. p. 274. 
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Fig. 844. 



Vnio Valdensix^ Mant. 

Isle of Wight anil Dorsetshire^ m the lower beds 
^ of the Hastings ^nds. 


again slabs of sandstone with a strong ripple-mark, and between 
these slabs beds of clay many yards thick. In some places, as at 
Stammerham, near Horsham, there are indications of this clay 
having been exposed so as to dry and crack before the next layer 
was thrown down upon it. The open cracks in the clay have 
s^ved as moulds, of which casts have been taken in relief, and 
which are, therefore, seen on the lower surface of the sandstone 
(sec fig. -346.). 



Underside of slab of sandstone about one yard in diameter. 
Stammerham, Sussex. 


Near the same place a reddish sandstone occurs in which are in- 
numerable traces of a fossil vegetable, apparently Sphenopteris, the 
steins and branches of which are disposed as if the plants were 
standing erect on the spot where they originally grew, the sand 
having been gently deposited upon and around them ; a^d similar 
appearances have been remarked in other places in this formation.* 
In the same division also of the Wealden, at Cuckfield, is a bed 
of gravel or conglomerate, consisting of water-worn pebbles of 

* Mantcll, Geol. of S.E. of England, p. 244. 
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quartz and jasper, with rolled bones of reptiles. These must 
have been drifted by a current, probably in water of no great depth. 

From such facts we may infer that, 
notwithstanding the great thickness of 
this division of the Wealden, the whole 
•of it was a deposit in water of a mo- 
derate depth, and often extremely 
shallow. This idea may seem startling 
at first, yet such would be the natural 
consequence of a gradual and con- 
tinuous sinking of the ground in an 

estuary or bay, into which a great river svhfnopten, gracui, (Fittoni, from the 
discharged its turbid waters. By each Hastings Sands near Tunbr dge Well*. 

foot of subsidence, the fundamental «• ap«>«io« m.gnia.d. 

rock would bo depressed one foot farther from the surface ; but 
the bay would not be deepened, if newly deposited mud and sand 
should raise the bottom one foot. On the contrary, such new strata 
of sand and mud might be frequently laid dry fit low water, or 
overgrown for a season by a vegetation proper to marshes. 

Area of the Wealden.^ln regard to the geographical extent of 
the Wealden, it cannot be accurately laid down ; because so much 
of it is concealed beneath the newer marine formations. It has been 
traced about 200 English miles from west to east, from the coast of 
Dorsetshire to near Boulogne, fn France ; and nearly 200 miles from 
north-west to south-east, from Surrey and Hampshire to Beauvais, 
in France. If the formation bo continuous throughout this space, 
which is very doubtful, it does not follow that the whole was con- 
temporaneous ; because, in all likelihood, the physical geography of 
the region underwent frequent changes throughout the whole period, 
and the estuary may have altered its form, and even shifted its 
place. Dr. Dunker, of Cassel, and H. von Meyer, in an excellent 
monograph on the Wealdens of Hanover and Westphalia, have 
shown that they correspond so closely, not only in their fossils, but 
also in their mineral characters, with the English series, that we 
can scarcely hesitate to refer the whole to one great delta. Even 
then, the magnitude of the deposit may not exceed that of many 
modern rivers. Thus, the delta the Quorra or Niger, in Africa, 
stretches into the interior for more than 170 miles, and occupies, it 
is supposed, a space of more than 300 miles along the coast, thus 
forming a surface of more than 25,000 square miles, or equal to 
about one half of England.* Besides, we know not, in such cases, 
how far the fluviatile sediment and organic remains of the river and 
the land may be carried out from the coast, and spread over the bed 
of the sea. I haVo shown, when treating of the Mississippi, that a 
more ancient delta, including species of shells, such as now inhabit 
Louisiana, has been upraised, and made to occupy a wide geogra- 
phical area, while a newer delta is forming ; f and the possibility of 

* Fitton, Geol. of Hastings, p. 58., who cites Lander’s Travels. 

t See above, p. 84. ; and Second Visit to the U.S.»vol. ii. chap, zxxiv. 
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Buch moYements, and their effects, must not be lost sight of when 
we speculate on the origin of thi Wealden. 

If it be asked where the continent was placed from the ruins 
of which the Wealden strata were derived, and bj the drainage 
of which a great river was fed, we are half tempted to speculate 
on the former existence of the Atlantis of Plato. The story of the, 
submergence of an ancient continent, however fabulous In history, 
must have been true again and again as a geological event. 

The real difficulty consists in the persistence of a large hydro- 
graphical basin, from whence a great body of fresh water was poured 
into the sea, precisely at a period when the neighbouring area of the 
Wealden wai gradually going downwards 1000 feet or more perpen- 
diculaHy. If the adjoining land participated in the movement, how 
could it escape being submerged, or bow could it retain its size and 
altitude so as to continue to be the source of such an inexhaustible 
supply of fresh water and sediment ? In answer to this question, 
we are fairly entitled to suggest that the neighbouring land may 
have been stationary, or may even have undergone a contempora- 
neous slow upheaval. There may have been an ascending movement 
in one region, and a descending one in a contiguous parallel zone of 
country ; just as the northern part of Scandinavia is now rising, 
while the middle portion (that south of Stockholm) is unmoved, and 
the southern extremity in Scania is sinking, or at least has sunk 
within the historical period.* We piust. nevertheless, conclude, if 
we adopt the above hypothesis, that the depression of the land be- 
came general throughout a large part of Europe at the close of the 
Wealden period, and this subsidence brought in the cretaceous 
ocean. 

The flora of the Wealden and the Lower] Greensand is charac- 
terized by a great abundance of Coniferm, CycadeaB, and Ferns, and 
by the absence of leaves and fruits of dicotyledonous angiosperms. 
The discovery, in 1855, in the Hastings beds of the Isle of Wight, 
of Gyrogonites, or spore-vessels of the Chara, supplied a link be- 
tween the secondary and tertiary flora which was previously want- 
iug. 

• See the Author’s Annivers. Address, Geol. Soc., 1850, Quart. Gcol. Joum.. 
vol. VI p. 52. , , 
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CHAPTER XIX. 

DENUDATION OF THE CHALK AND WEALDEN. 

Physical geography of certain districts composed of Cretaceous and Wealden strata 
— Lines of inland chalk-cliffs on the Seine in Normandy — Outstanding pillars 
and needles of chalk — Denudation of the chalk and Wealden in Surrey, Kent, 
and Sussex— Chalk once continuous from the North to the South Downs — 
Anticlinal axis and parallel ridges — ^Longitudinal and transverse valleys—* 
Chalk escarpments — Hise and denudation of the strata gradual — Ridges formed 
by harder, valleys by softer beds — At what periods the Weald Valley was 
denuded — Why no alluvium, or wreck of the chalk, in the central district of the 
Weald — Successive periods of marine denudation — The latest of these posterior 
to the Upper Miocene era — Elephant bed, Brighton — Sangatte ‘Cliff The 
great escarpments and transverse valleys of the chalk mainly due to the waves 
and tides of the sea— Paroxysmal causes unnecessary for explaining the ex- 
ternal configuration of the Wealden. 

All the fossiliferous formations may be studied by the geologist in 
two distinct points of view : first, in reference to their position in 
the series, their mineral character and fossils ; and, secondly, in 
regard to their physical geography, or the manner in which they 
now enter, as mineral masses, into the external structure of the 
earth ; forming the bed of lakes and seas, or the surface or founda- 
tion of hills and valleys, plains and table-lands. Some account has 
already been given, on the first head, of the Tertiary, the Cretaceous, 
and the Wealden strata ; and we may now proceed to consider cer- 
tain features in the physical geography of these groups as they occur 
in parts of England and France. 

The hills composed of white chalk in the S.E. of England have a 
smooth rounded outline, and, being usually in the state of sheep- 
pastures, are free from trees or hedgerows ; so that we have an op- 
portunity of observing how the valleys by which they are drained 
ramify in all directions, and become wider and deeper as they descend. 
Although these valleys are now for the most part dry, except during 
heavy rains and the melting of snow, they Inay have been due to 
aqueous denudation, as explained in the sixth chapter; having been 
excavated when the chalk emerged gradually from the sea. This 
opinion is confirmed by the occasional occurrence of what appear to 
be long lines of inland cliffs, in which the strata are cut ofiT abruptly 
in steep and often vertical precipices. The true nature of such 
escarpments is nowhere more obvious than in parts of Normandy, 
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where the river Seine and its tributaries flow throiij^h deep winding 
valleys, hollowed out of chalk^horizontally stratified. Thus, for 
example, if we follow the Seine for a distance of about 30 miles 
from Andelys to Elbocuf, wo find the valley flanked on both sides 
by a steep slope of chalk, with numerous beds of flint, the formation 
being laid open for a thickness of about 250 and 300 feet. Above 
the chalk is an overlying mass of sand, gravel, and clay, from 30 to 
100 feet thick. The two opposite slopes of the hills a and 5, fig. 348., 


Fig. 348. 



where the chalk appears at the surface, are from 2 to 4 miles apart, 
and they are often perfectly smooth and even, like the steepest of 
our downS in England ; but at many points they are broken by one, 
two, or more ranges of vertical and even overhanging cliifs of bare 
white chalk with flints. At some points detached needles and pin- 
nacles stand in the line of the cliffs, or in front of them, as at c, fig 
348. On the right bank of the Seine, at Andelys, one range, about 
2 miles long, is seen varying from 50 to 100 feet in perpendicular 
height, and having its continuity broken by a number of dry valleys 
or coombs, in one of which occurs a detached rock or needle, called 
the Tete d*Homme (see figs. 349, 350.), The top of this rock pre- 


Fig 349. 



sents a precipitous face towards every point of the compass ; its 
vertical height being more than 20 feet on the side of the downs, 
and 40 towards the Seine, the average diameter of the pillar being 
36 feet Its composition is the same as that of the larger cliffs in 
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Us neighbourhood, namely, white chalk, having occasionally a cry.s- 
tjilline texture like marble, with layers of flint in nodules and tabular 
masses. The flinty beds often project in relief 4 or 5 feet beyond 
the white chalk, which is generally in a state of slow decomposition, 
(‘ithor exfoliating or being covered with white powder, like the 
chalk cliifs on the English coast ; and, as in them, this superficial 
]>owder contains in some places common salt. 

Other cliffs arc situated on the right bank of the Seine, opposite 
Tournedos, between Andclys and Pont de TArche, where the preci- 
])ices are from 50 to 80 feet high : several of their summits terminate 
in pinnacles ; and one of them, in particular, is so completely de- 
tached as to present a perpendicular face 50 feet high towards the 
sloping down. On these cliffs several ledges are seen, which mark 
so many levels at which the waves of the sea may be supposed to have 
encroached for a long period. At a still greater height, immediately 
above the top of this range, are three much smaller cliffs, each about 
4 feet high, with as many intervening terraces, which are continued 
so as to sweep in a semicircular form round an adjoining coomb, like 
those in Sicily before described (p. 76.). 

If we then descend the river from Vatteville to a place called 
S(mneville, we meet with a singular needle about 50 feet high, per- 
fi*ctly isolated on the escarpment of chalk on the right bank of the 
Seine (see fig. 351.). Another conspicuous range of inland cliffs is 
situated about 12 miles below on the left bank of the Seine, begin- 
ning at Elbceuf, and comprehending the Roches d'Orival (see fig. 352.). 
Like those before described, it has an irregular surface, often over- 
hanging, and with beds of flint projecting several feet. Like them, 
also, it exhibits a white powdery surface, and consists entirely of 
horizontal chalk with flints. It is 40 miles inland; its height^ in 
some parts, exceeds 200 feet ; and its base is only a few feet above 
the level of the Seine. It is broken, in ono place, by a pyramidal 
mass or needle, 200 feet high, called tlic Roche de Pignon, which 
stands out about 25 feet in front of the upper portion of the main cliff'- 

A A 
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witli wliicli it is united by a narrow ridge about 40 feet lower than 
its summit (see fig. 353.). Like the detached rocks before mentioned 


Fig. 353. 



at Sennevillo, Vattcville, and Andelys, it may be compared to tho^-o 
needles of chalk wliich occur on the coast of Normandy * (see fig. 
354.), as well as in the Isle of Wight and in Turbeck. 

The foregoing description and drawings will show, that the 
evidence of certain escarpments of the chalk having been originally 
sea-cliffs, is far more full and satisfactory in France than in England. 
If it be asked why, in the interior of our own country, we meet witli 
no ranges of precipices equally vertical and overhanging, and no 
isolated pillars or needles, wo may reply that the greater hardness of 
the chalk in Normandy may, no doubt, be the chief cause of this 
difference. But the frequent absence of all signs of littoral denuda- 

* ^An account of these cliff's was read by the Author to the British Assoc, at 
.Glasgow, Sept. 1840. 
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Needle and Arch of Etretat, in Che chalk cliffs of Normandy. 
Height of Arch 100 feet. (Passy.)* 


tion in the valley of the Seine itself is a negative fact of a far more 
.striking and perplexing character. The cliffs, after being almost 
continuous for miles, are then wholly wanting for much greater dis- 
tances, being replaced by a green sloping down, although the beds 
remain of the same composition, and are equally horizontal ; and 
although we may feel assured that the manner of the upheaval of 
Ihe land, whether int(5rmittcnt or not, must have been the same at 
those intermediate points where no cliffs exist, as at others where 
they are so fully developed. But, in order to explain such apparent 
anomalies, the reader must refer again to the theory of denudation, 
as expounded in the sixth chapter; where it was shown, first, that the 
undermining force of the waves and marine currents varies greatly 
at different parts of every coast; secondly, that precipitous rocks 
have often decomposed and crumbled down ; and thirdly, that ter- 
races and small cliffs may occasionally lie concealed beneath a talus 
of detrital matter. 

Denudation of the Weald Valley . — ^No district is better fitted to 
illustrate the manner in which a great series of strata may have been 
iipheavcd and gradually denuded than the country intervening be- 
hveen the North and South Downs. This region, of which a ground- 
plan is given in the accompanying map (fig. 355.), comprises within 
it nearly all Sussex, and parts of the coimties of Kent, Surrey, 
and Hampshire. The space in which the formations older than the 
White Chalk, or those from the Gault to the Hastings sands inclu- 
sive, crop out, is bounded everywhere by a great escarpment of 
chalk, which is continued on the opposite side of the channel in the 
Bas Boulonnais in France, where it forms the semicircular boundary 
of a tract in which older strata also appear at the surface. The 
whole of this district may therefore be considered geologically as 
one and the same. 

The space here inclosed within the escarpment of the chalk affords 
an example of what has been sometimes called a ‘‘ valley of eleva- 
tion” (more propcrlj^ <‘of denudation”); where the. strata, partially 
removed by aqueous excavation, dip away on all sides from a central 
axis. Thus, it is supposed that the area now occupied by the 

♦ Scinc-Infcricurc, p. 142. and PI. 6. lig. 1. 
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Geological Map of the south-east of England, and part of France, exhibiting the denudation of 

the Weald. 

1. iilimiPl Tpt-Harir. 5. EB3 \V«*ald clajr. 

2. a Chalk and Upper Greensand. fi. 1— Hastings sands. 

3. mmrnm Gault. 7< Purbeck beds. 

4. Lower Greensand. 8. Oolite. 


Iliistings sand (No. 6.) was once covered by the Weald clay (No. 5.\ 
and this again by the Greensand (No. 4.), and this by the Gault 
(No. 3.); and, lastly, that the Chalk (No. 2.) extended originally 
over the whole space between the North and the South Downs. Tins 
theory will be better understood by consulting the annexed diagram 
(fig. 356.), where the dark lines represent what now reinain.s, and the 
fainter ones those portions of rock which are believed to have been 
carried away. 

At each end of the diagram the tertiary strata (No. 1.) arc ex- 
hibited reposing on the chalk. In the middle are seen the Hastings 
sands (No. 6.) forming an anticlinal axis, on each side of which the 
other formations arc arranged with an opposite dip. It has been 
necessary, however, in order to give a clear view of the difierent 
formations, to exaggerate the proportional height of each in compa- 
rison to its horizontal extent; and a true scale is therefore subjoined 
in another diagram (fig. 357.), in order to correct the erroneous 
impression which might otherwise be made on the reader’s mind. 
In this section the distance between the North and South Downs is 
represented to exceed forty miles ; for the Valley of the Weald is 
here intersected in its longest diameter, in the direction of a line 
between Lewes and Maidstone. 

Through the central portion, then, of the district supposed to be 
denuded runs a great anticlinal line, having a direction nearly east 
and west, on both sides of which the beds 5, 4,* 3, and 2 crop out in 
succession. But, although, for the sake of rendering the physical 
structure of this region more intelligible, the central line of elevation 
has alone been introduced, as in the diagrams of Smith, Mantcll, 
Conybeare, and others, geologists have always been well aware that 
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numerous minor lines of dislocation and flexure run parallel to the 
j^reat central axis. 

In the cen trill area of tlio Hastjnprs sand tlie strata have under- 
gone the greatest displacement ; one fault being known, where the 
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vortical shift of a bed of calcareous grit is no less than 60 fathoms.* 
Much of the picturesque scenery of this district arises from the 
depth of the narrow valleys and ridges to which the sharp bends and 
fractures of the strata have given rise ; but it is also in part to bo 
attributed to the excavating power exerted by water, especially on 
the in terstra tided argillaceous beds. 


Besides the series of longitudina 



1 valleys and ridges in the Weald, 
there are valleys which run in 
a transverse direction, passing 
through the chalk to the basin 
of the Thames on the one side, 
and to the Englisli Channel 
on the other. In this manner 
the chain of the North Downs 
is broken by the rivers Wey, 
Mole, Darent, Aledway, and 
Stour ; the Soutli Downs by 
I the Arun, Adur, Ouse, and 
*3 Cuckmere.f If these trans- 
verse hollows could be tilled 
up, all the rivers, observes Dr. 
Conybearc, would be forceil 
to take an easterly course^, and 
^ to empty themselves into the 

1 s('a by Boinney IMarsh and 

2 Peviuisey Levels. 

1 Mr. Martin has suggested 

2 that the great cross iracturcs 
^ of the chalk, which Jiave be- 
come river-channels, have a 
remarkable correspondence on 
each side of the valley of tin; 
Weald ; in several instances 

^ the gorges in the North and 
L South Downs appearing to be 

1 directly opposed to each other. 
^ Thus, for example, the defiles 
J of the Wey in the North 
^ Downs, and of the Arun in 
M the South, seem to coincide 
p. in direction ; and, in like man- 

2 ner, the Ouse corresponds to 
® the Darent, and the Cuckmcro 
I to the Medway.f 

^ Although* these coincidences 
5 may, perhaps, be accidental, it 
is by no means improbable, as 


* Fitton, Geol. of Hastings, p. 55. % Geol. of Western Sussex, p. 61. 

t Conybeare, Outlines of Geol., p. srf 
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hinted by the author above mentioned, that great amount of ele- 
vation towards the centre of the Weald district gave rise to trans- 
verse fissures. And as the longitudinal valleys were connecte*! 
with that linear movement which caused the anticlinal lines running 
east and west, so the cross fissures might have been occasioned by 
the intensity of the upheaving force towards the centre of the line. 

But before treating of the manner in which the upheaving move- 
ment may have acted, I shall endeavour to make the reader more 
intimately acquainted with the leading geographical features of the 
disirict, so far as they are of geological interest. 

In whatever direction we travel from the tertiary strata of the 
basins of London and Plampshire towards the valley of the Weald, 
we first ascend a slope of white chalk, with flints, and then find 
ourselves on the summit of a declivity consisting, for the most part, 
of different members of the chalk formation ; below which -the 
TTpper Greensand, and sometimes, also, the Gault, crop out. This 
st(‘ep declivity is the great escarpment of the chalk before mentioned, 
which overhangs a valley excavated chiefly out of the argillaceous 
or marly bed, termed Gault (No. 3.). The escarpment is continuous 
along the southern termination of the North Downs, and may be 
traced from the sea, at Folkestone, westward to Guildford and the 
neighbourhood of Peter sfield, and from thence to the termination of 
the South Downs at Beachy Head. In this precipice or steep slop(‘ 
tll(^ strata are cut off abruptly, and it is evident that they must 
originally have extended farther. In the wood-cut (fig. 358. p. 358.) 
part of the escarpment of the South Downs is faithfully represented, 
where the denudation at the base of the declivity has been some- 
what more extensive than usual, in consequence of the Upper and 
Lower Greensand being formed of very incoherent materials, the 
formcT, indeed, being extremely thin and almost wanting. 

The geologist cannot fail to recognise in this view the exact 
likeness of a sea-cliff; and if he turns and looks in an opposite 
direction, or eastward, towards Beachy Head (see fig. 359.), he will 



Chalk escarpment, as seen from the hill above Steyning, Sussex. The castle and village 
^ of Brainber in the foreground. 


sec the same line of heights prolonged. Even those who are not 
accustomed to speculate on the former changes which the surface has 
undergone may fancy the broad and level plain to resemble the flat 
sands which were laid dry by the Receding tide, and the different 
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projecting masses of chalk to be the headlands of a coast which 
separated the different bays from each other. 

Occasionally in the North Downs sand-pipes are intersected in the 
slope of the escarpment, and have been regarded by some geologists 
as more modern than the slope ; in which case they might afford an 
argument against the theory of these slopes having originated as sea- 


cliffs or river-cliffs. But, when i 
sand-pipes, those near Sevenoaks. 



ve observe the great depth of many 
, for example, we perceive that the 
lower termination of such pipes 
must sometimes appear at tlu^ 
surface far from the summit of 
an escarpment, whenever por- 
tions of the chalk are cut away. 

In regard to the transverse 
valleys before mentioned, as in- 
I tersecting the chalk hills, soukj 
I idea of them may be derived 
^ from the subjoined sketch (fig. 
5 360.) of the gorge of the River 
c Adiir, taken from the summit of 
the chalk-downs, at a point in 
the bridle- way leading from the 
towns of Brarnber and Steyning 
to Shoreham. If the reader will 
refer again to the view given 
ill a former woodcut (fig. 3oy. 
p. 358.), he will th(TO see tlu^ 
I exact point wliere the gorge of 
which I am now speaking in- 
J terriipts the chalk escarpment. 
^ A projecting hill, at the point a, 
hides the town of Steyning, near 
which the valley coinn\eiie(‘s 
where the Adur passes directly 
to the sea at Old Shoreham. TIio 
river flows through a nearly 
level plain, as do most of the 
others which intersect the liills 
s of Surrey, Kent, and Sussex ; 
5 and it is evident that these open- 
® ings could not have been pro- 
S duced by rivers, except under 
^ conditions of physical geography 
entirely different from those now 
prevailing. Indeed, many of the 
existing rivers, like the Ouse 
near Lewes, have filled up arms 
^ of the sea, instead of deepening 
the hollows which they traverse. 
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That the place of some, if not of all, the gorges running north and 
south, has been originally determined by the fracture and displace- 
ment of the rocks, seems the more probable, when we reflect on the 
proofs obtained of a ravine running east and west, which branches 
off from the eastern side of the valley of the Ouse just mentioned, 
and which is undoubtedly due to dislocation. This ravine is called 
‘‘the Coomb” (fig. 361.), and is situated in the suburbs of the town 



Fault coincldinK with the Coomb, in the Cliff-hill near Lewes. Mantcll. 
a. Chalk with flints. 6. Lower chalk. 


appears at the summit of the hill, while it is thrown down to the 
bottom on the other. 

In order to account for the ma|iner in which the five groups of 
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Strata, 2, 3, 4, 5, 6, represented in the map, fig. 355., and in the 
section, fig* 356., may have been brought into their present position, 
the following hypothesis has been suggested : — Suppose the five 
formations to lie in horizontal stratification at the bottom of the sea ; 
then let a movement from below press them upwards into the form 
of a flattened dome, and let the crown of this dome be afterwards cut 
off, so that the incision should penetrate to the lowest of the five 
groups. The difierent beds would then be exposed on the surface, 
ill the manner exhibited in the map, fig. 355.* 

The quantity of denudation, or removal by water, of stratified 
masses assumed to have once reached continuously from the North 
to the South Downs is so enormous, that the reader may at first bo 
startled by the boldness of the hypothesis. But the difficulty will 
disappear when once sufficient time is allowed for the gradual rising 
and sinking of the strata at many successive geological periods, 
during which the waves and currents of the ocean, and the power of 
rain, rivers, and land-floods, might slowly accomplish operations 
which no sudden diluvial rush of waters could possibly effect. 

Among other proofs of the action of water, it may be stated that 
the great longitudinal valleys follow the outcrop of the softer and 
more incoherent beds, while ridges or lines of cliff usually occur at 
those points where the strata are composed of harder stone. TJius, 
fur example, the chalk with flints, together with the subjacent upper 
greensand, which is often used for building, under the provincial 
name of “firestone,” have been cut into a steep cliff on that side on 
wliich the sea encroached. . This escarpment bounds a deep valley, 
excavated chiefly out of the soft argillaceous bed, termed gault 
(No. 3., map, p. 356.). In some places the upper greensand is in a 
loose and incoherent state, and there it has been as much denuded as 
the gault; as, for example, near Bcachy Head; but farther to the 
westward it is of great thickness, and contains hard beds of blue 
chert and calcareous sandstone or firestone. Here, accordingly, we 
find that it produces a corresponding influence on the scenery of the 
country ; for it runs out like a step beyond the foot of the chalk- 
liills, and constitutes a lower terrace, varying in breadth from a 
(juarter of a mile to three miles, and following the sinuosities of the 
ciialk-escarpment.’l' 



a. Chalk with flmu, b. Chalk without flints. 

c. Upper greensand, or firestone. d. Gault. ' 


♦ See illustrations of this theory, by Sussex, &c., Geol. Trans., Second Series, 
Dr. Fitton, Geol. Sketch of Hastin;jjs. vol. ii. p. 98. 
f Sir R. Murchison, Geol. Sketch of 
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It is impossible to desire a more satisfactory proof that the escarp- 
ment is due to the excavating power of water during the rise of the 
strata, or during their rising and sinking at successive periods ; for 
I have shown, in my account of the coast of Sicily (p. 76.), in what 
manner the encroachments of the sea tend to efface that succession of 
terraces which must otherwise result from the intermittent upheaval 
of a coast preyed upon by the waves. During the interval between 
two elcvatory movements, the lower terrace will usually be destroyed, 
wherever it is composed of incoherent materials ; whereas the sea 
will not have time entirely to sweep away another part of the same 
terrace, or lower platform, which happens to be composed of rocks of 
a harder texture, and capable of offering a firmer resistance to the 
erosive action of water. As the yielding clay termed gault would be 
readily washed away, we find its outcrop marked everywhere by a 
valley which skirts the base of the chalk-hills, and which is usually 
bounded on the opposite side by the lower greensand; but as the 
upper beds of this last formation are most commonly loose and inco- 
herent, they also have usually disappeared and increased the breadth 
of the valley. In those districts, however, where chert, limestone, 
and other solid materials enter largely into the composition of this 
formation (No. 4., map, p. 356.), they give rise to a range of hills 
parallel to the chalk, which sometimes rival the escarpment of the 
chalk itself in height, or even surpass it, as in Leith Hill, near 
Dorking. This ridge often ])resents a steep escarpment towards 
the soft argillaceous deposit called the Weald clay (as above, No. 5. ; 
fig. 356. p. 357.), which usually forms a broad valley, separating 
the lower greensand from the Hastings sands or Forest Ridge ; 
but where subordinate beds of sandstone of a firmer texture occur, 
the uniformity of the plain of No. 5. is broken by waving irregu- 
larities and hillocks. 

Pluvial actiotu — In considering, however, the comparative de- 
structibility of the harder and softer rocks, we must not underrate 
the power of rain. The chalk-downs, even on their summits, are 
usujilly covered with unrounded chalk-flints, such as might remain 
after masses of white chalk had been softened and removed by water. 
This superficial accumulation of the hard or siliceous materials of 
disintegrated strata may be due in no small degree to pluvial action ; 
for during extraordinary rains a rush of water charged with cal- 
careous matter, of a milk-white colour, may be seen to descend even 
gently sloping hills of chalk. If a layer no thicker than the tenth 
of an inch be removed once in a century, a considerable mass may 
in the course of indefinite ages melt away, Raving nothing save a 
stratum of flinty nodules to attest its former existence. A bed of fine 
clay sometimes covers the surface of slight depressions in the white 
chalk, which may •represent the aluminous residue of the rock, after 
the pure carbonate of lime has been dissolved by rain-water, charged 
with excess of carbonic acid derived from decayed vegetable matter. 
The acidulous waters sometimes descend through sand-pipes ” and 
“swallow-holes” in the chalk, so that the surface may be under- 
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mined, and cavities may be formed or enlarged, even by that part of 
the drainage which is subterranean.* 

Lines of Fracture. — Mr. Martin, in his work on the geology of 
Western Sussex, published in 1828, threw much light on the struc- 
ture of the Wealden by tracing out continuously for miles the direc- 
tion of many anticlinal lines and cross fractures ; and the same 
course of investigation has since been followed out in greater detail 
by Mr. Hopkins. The geologist and mathematician last-mentioned 
has shown that the observed direction of the lines of flexure and 
dislocation in the Weald district coincide with those which might 
have been anticipated theoretically on mechanical principles, if wo 
assume certain simple conditions under which the strata were lifted 
up by an expansive subterranean force.*|’ 

Ilis opinion, that both the longitudinal and transverse linos of 
fracture may have been produced simultaneously, accords well with 
that expressed by M. Thurmaiin, in his work on the anticlinal ridges 
and valleys of elevation of the Bernese Jura.ij: For the accuracy 
of the map and sections of the Swiss geologist I can vouch, from 
personal examination, in 1835, of part of the region surveyed by him. 
Among other results, at which he arrived, it ap[)cars tliat the 
breadth of the anticlinal ridges and dome-shaped masses in tlie Jura 
is invariably great in proportion to the number of the formations 
exposed to view ; or, in other words, to the depth to which the super- 
imposed groups of secondary strata have been laid open. (See fig. 71. 
p. o5. for structure of Jura.) lie also remarks, that the anticlinal 
lines are occasionally oblique and cross each otlier, in which case the 
greatest dislocation of the beds takes place. Some of the cross frac- 
tures are imagined by him to have been contemporaneous wltii others 
subsequent to the longitudinal ones. 

I have assumed, in the former part of this chapter, that the rise of 
the Weald was gradual, whereas many geologists have attributed its 
elevation to a single effort of subterranean violence. There appears 
to them such a unity of effect in this and other lines of deranged 
strata in the south-east of England, such as that of the Isle of Wight, 
as is inconsistent with the supposition of a great number of separate 
movements recurring after long intervals of time. But we know that 
earthquakes are repeated throughout a long series of ages in the 
same spots, like volcanic eruptions. The oldest lavas of Etna were 
poured out many thousands, perhaps myriads of years before the 
newest, and yet they, and the movements accompanying their emission, 
have produced a symmetrical mountain ; and if rivers of melted 
matter thus continue to flow upwards in the same direction, and 
towards the same point, for an indeflnite lapse of ages, what diffi- 
culty is there in conceiving that the subterranean volcanic force, 
occasioning the rise or fall of certain parts of the earth’s crust, 

* See above, p. 82, 83. “ Sand-pipes f Geol. Soc. Proceed. No. 74. p. 363. 
in Chalk*;” and Prcstwich, Geol. Quart. 1841, and G. S. Trans. Second Scr.vol. vii. 
Journ. vol. x. p. 222. i SouK^vemeus Jurassiques. 1832. 
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may, by reiterated movements, produce the most perfect unity of 
result ? 

At what periods the Weald valley was denuded . — We may next 
inquire at what time the denudation of the Weald was eifected, and 
we shall find, on considering all the facts brought to light by recent 
investigation, that it was accomplished in the course of so long a 
series of ages, that the greatest revolutions in the physical geography 
of the globe, yet known to us, have taken place within the same 
lapse of time. It has now been ascertained, that part of the denu- 
dation of the Weald was completed before the British Eocene strata, 
and consequently before the nuramulitic rocks of Europe and Asia 
wc?rc formed. The date, therefore, of part of the changes now under 
contemplation was long antecedent to the existence of the Alps, 
Pyrenees, and many otlier European and Asiatic mountain-chains, 
and even to the accumulation of large portions of their component 
materials beneath the sea. 

M. Elie do Beaumont suggested, in 1833, that there was an island 
in the Eocene sea in the area now occupied by the French and 
English Wealden strata, and he gave a map or liypothetical restora- 
tion of the ancient geography of that region at the era alluded to.* 
Mr. Prestwicli has since shown that the materials of which the 
lower tertiary beds of England are made up, and their manner of 
resting on the chalk, imply, that such an island, or several islands 
and shoals, composed of Chalk, Upper Greensand, Gault, and pro- 
bably of some of the Lower Cretaceous rocks, did exist somewhere 
between the present North and South Downs. The undermined 
clitfs and shores of those lands supplied the flints, which the action 
of the waves rounded into pebbles, such as now form the Woolwicli 
and Blackheath shingle-beds below the London Clay. It is su)>- 
posed, that the land referred to was drained by rivers flowing into 
the Eocene sea, and whence the brackish and freshwater deposits of 
Woolwich and other contemporaneous strata f were derived. The 
large size of some of the rolled flints (eight inches and upwards in 
diameter) of the Blackheath shingle demonstrates the proximity of 
land. Such heavy masses could not have been transported from 
great distances, whether they owe their shape to waves breaking on 
a sea-beach, or to rivers descending a steep slope. 

In the annexed diagram (fig. 364.) Mr. Prestwicli has represented 
a section from near Scaffron Walden, in Essex, to the Weald, passing 
north and south through Godstone, in which wo see how the chalk, 
c, had been disturbed and denuded before the lower Eocene beds, A, 
were deposited. Some small patches of the last-mentioned beds, h\ 
consisting of clay and sand, extend occasionally, as in this instance, 
to the very edge of the escarpment of tho North Downs, proving that 
tlio surflice ot the white chalk, now covered with tertiary strata, is 
the same which originally constituted the bottom of the Eocene sea. 


* Mem. dc la Soc. Gcol. de France, f See p. 221. above, 
vol. i. part i. p. 111. pi. 7. fig, 5. 
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Section showing that the Weahl had been denuded of chalk before the Lower Koeene strata were 
deposited. (See Prestwich, GeoL Quart. Juiiiii., vol. viii. p. 25f;. IHo'2.) 

S. Rolatirc position of Saffron Walden. 

G. Ciialk-cscarpment above Godstone, sii* mounted by a patch of the I.nwer Tertiary beds, b'. 
a. London Clay. A, h\ Lower TertUries. c. Chalk. 

d. Upper Greensand. c. t'aiilt. / Lower Greensand and Wealden. 

X. Point at which the present upper and under surlaccs of the chalk, if they were prolonged, would 
converge. 


It is therefore inferred, that, if we prolong southwards the upper 
and under surfaces of the chalk, along the dotted line in the above 
section, they would converge at the point x ; therefore, beyond that 
point, no white chalk existed at the time when the Eocene beds, Z», 
wore formed. In other words, the central parts of the Wealden, 
south of x^ were already bared of their original covering of chalk, 
or had only some slight patches of that rock scattered over them. 

The i.sland, or islands, in the Eocene sea may be repre.'icnted in 
the annexed diagram (fig. 365.) ; but doubtless llie denudation ox- 


Fig. 365. 



tended farther in width and depth before the close of the Eocene 
p(Tiod, and the waves may have cut into tlie Lower Greensand, and 
perhaps in some places into the Wealden strata. 

According to this view the mass of cretaceous and .subcretaccous 
rocks, planed off by the waves and currents in the area between 
tlie North and South Downs before the origin of the oldest Eocene 
beds, may have been as voluminous as the ma.ss removed by denu- 
dation since the commencement of the Eocene era. 

But tlie reader may ask, why is it necessary to assume that so 
much white chalk first extended continuously over the WeaUhm 
beds in this part of England, and was then removed ? May wo not 
suppose that land began to exist between the North and Seiitli 
Downs at a much earlier epoch ; and that the upper Wealden beds 
rose in the midst of the Cretaceous Ocean, so as to check the accu- 
mulation of white chalk, and limit it to the deeper water of adjoining 
areas ? ' This hypothesis has often been advanced, and as often 
rejected ; for, had there been shoals or dry land so near, the white 
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chalk would not hare remained unsoiled, or without intermixture of 
mud and sand ; nor would organic remains of terrestrial, fluviatile, or 
littoral origin have been so entirely wanting in the strata of the 
North and South Downs, where the chalk terminates abruptly in 
the escarpments. It is admitted that the fossils now found there 
belong exclusively to classes which inhabit a deep sea. Moreover, 
the uppermost beds of the Wealden group, as Mr. Prestwich has 
remarked, would not have been so strictly conformable with the 
lowest beds of the Lower Greensand had the strata of the Wealden 
undergone upheaval before the deposition of the incumbent creta- 
ceous series. 

But, although we must assume that the white chalk was once 
continuous over what is now the Weald, it by no means follows that 
the first denudation was subsequent to the entire Cretaceous era. 
Most probably it commenced before a large portion of the Maestricht 
beds were formed, or while they were in progress. I have already 
stated (p. 314. above), that in parts of Belgium I observed rolled 
pebbles of chalk-flints very abundant in the lowest Maestricht beds, 
where these last overlie the white chalk, showing at how early a 
<late the chalk was upraised from deep water and exposed to aqueous 
abrasion. 

Guided by the amount of change in organic life, wo may estimate 
the interval between the Maestricht beds and the Thanet Sands to 
have been nearly equal in duration to the time which elai^scd 
between the deposition of those same Thanet Sands and the Glacial 
period. If so, it would be idle to expect to be able to make ideal 
nvstorations of the innumerable phases in physical geography through 
which the south-east of England must have passed since the Weald 
began to be denuded. In less than half the same lapse of time the 
aspect of the whole European area has been more than once entirely 
changed. Nevertheless, it may be useful to cnumeriite some of the 
known fluctuations in the physical conformation of the Weald and 
the regions immediately adjacent during the period alluded to. 

First, wo have to carry back our thoughts to those very remote 
movements which brought up the white chalk from a deep sea 
into exposed situations where the waves could plane off certsiin 
portions, as expressed in diagram, fig. 364., before the British Lower 
Eocene beds originated. 

Secondly, we have to take into account the gradual wear an<l 
tear of the chalk and its flints, to which the Thanet sands bear 
witness, as well as the subsequent Woolwich and Blacklieath shingle- 
beds, occasionally 50 feet thick, and composed of rolled flint-pebbles. 

Thirdly, at a later period a great subsidence took place, by which 
the shallow-water and fresh-water beds of Woolwich and other 
Lower Eocene deposits were depressed (see above, p. 294.) so as to 
allow the London Clay and Bagshot series, of deep-sea origin, to 
accumulate over them. The amount of this subsidence, according 
to Mr. Prestwich, exceeded 800 feet in the London, and 1800 feet 
in the Hampshire or Isle of Wight basin ; and, if so, the intervening 
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area of the Weald could scarcely fail to share in the movement, and 
some parts at least of the island before spoken of (fig. 365. p. 366.) 
would become submerged. 

Fourthly. After the London clay and the overlying Bagshot sands 
had been deposited, they appear to have been upraised in the London 
basin, during the Eocene period, and their conversion into land in 
the north seems to have preceded the upheaval of beds of correspond- 
ing age in the south, or in the Ilampsliire basin ; because none of 
the fluvio-marine Eocene strata of Hordwell and the Isle of Wight 
(described in Chap. XVI.) are found in any part of the London area. 

Fifthly. The fossils of the alternating marine, brackish, and fresh- 
water beds of Hampshire, of Middle and Upper Eocene date, bear 
testimony to rivers draining adjacent lands, and to the existence of 
numerous quadrupeds in those lands. Instead of these plienoniena, 
the signs of an open sea might naturally liave been expected, as a 
consequence of the vast subsidence of the Middle Eocene beds before 
mentioned, had not some local upheaval taken place at tlu* same time 
in the Isle of Wight, or in region.s immediately adjacent. Whatever 
hypothesis be adojited, we are entitled to assume that during the 
Middle and LTpper Eocene j>eriods there were ri.sings and sinkings of 
land, and clianges of level in the bed of the sea in the sonth-ea.st of 
England, and that the movement^ were by no means uniform over 
the wJjole area during these p<*rio«ls. The extent and thickness <d‘ 
the missing beds in the Weald ^houId id’ itself lt‘a<l us to look fnr 
proofs of that area having, by rep(*ated O'ieillatioiH, ehangtHl its level 
frequently, and, oftener than ain adjoining area, been turned from 
sea into land and land into sea ; for the subrinTgenet* and emergenet* 
of land augment, beyond anyotht*r cause, tin* wasting and nmioving 
power of water, wliether of the waves and tides t)r of rivers and 
land floods. 

Sixthly, "i'he Lower Miocene strata of the Isle of Wight (or the 
Hempstead beds before docribed) have been ujiraised several 
linndred feet above the level of tin; sea in wliicdi th<*y wen* origi- 
nally formed, 'i’his upward inovtniient may h^e occurred, in great 
part at least, during the Miocene period, when Piarge part of Europe 
i> suppo^e*d to have* become land, as before* suggested ( p. 2 10.). Hence 
wc are entitled to speculate on the probability of revolutions in the 
pliy.«!ical geography of the adjoining W’eald in (itnes intermediate 
between tlie de[>o?iiion of the Hempstead beds and the origin of the 
Suffolk crag. 

Seventhly. We have already seen (p. 232.) that cerlaiii ferru- 
ginous .sauds lie in patelie.s on the North Downs, some of them from 
20 to 40 feet in thickness, and referabhi by their fos'*il.s to the same 
age a.s the Diest sands ol Ibdginm. They are probably somewhat 
older than the coralline crag of Suffolk, and, as before explained, 
may constitute the only representative in tin* British Isles of the 
Upper Miocene or Faluiiian epoch. It is clear, from the relative 
position of the sands in que.stion on the North Downs to the Lower 
Eocene deposits of the London clay, Wrolwich and Tlianet scries, 
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that, before the waters of the Upper Miocene* sea spread over this 
region south of the Thames, all those Eocene strata had been much 
wasted and often reduced to mere isolated outliers scattered over the 
chalk. After the ferruginous sands were thrown down the bed of 
the sea must have been again raised 500 or 600 feet, in order that 
the North Downs might attain their present elevation. 

Wo learn from these discoveries how impossible it may often be 
to demonstrate the former presence of the sea on any given area by 
organic remains, or by 8ea-l)eaches. Long and diligent inquiries had 
been made before the year 1856, for sea-shells of recent or crag 
species, and for the signs of old sea-margins within the area of the 
North and South Downs and the Wealden, or on Nos. 2, 3, 4,^5, 6, 
and 7. of the roa^ (p. 356.) ; but in vain, until at last a few shells and 
casts of others prove Inconiestibly the sojourn of the Older Pliocene 
or Upper Miocene sea in those very spaces. We must now, there- 
fore, a<imit the retreat of its waters to have been an event as modern 
us the Upper Miocene, if not the Pliocene period. It follows that 
in many cases the land may have sunk and have emerged again 
without retaining on its surface any monuments of the kind usually 
demanded as indispensable to warrant our speculating on niarino 
denudation os a great modifying cause in the physical geography of 
the globe. 

Eighthly. But we have still to consider another vast interval of 
time — that which separated the end of the Miocene from the end of 
the Newer Pliocene era — a lapse of ages wdiich, if measured by the 
fluctuations experienced in the marine fauna, may have sufficed to 
submerge and re-elevate whole continents by a process as slow as 
that which is now operating to upraise Sweden and de}>ress Green- 
land. 

Lastly. The reader must recall to mind what was said, in Chap- 
ters XI. and XII. respecting the vast geographical changes of Post- 
plioceuc dati', especially those relating to the glacial drift and its 
far-transported yiaterials. A wide extent of the British Isles appears 
to liave Ikuui under^the sea during some part or other of that e[K)cb. 
^lost of tin* submerge<l areas were afterwards converted into dry 
laud, now sevcTiil hundred and in Wales more than thirteen hundred 
fe<?t high, ns proved by marine fossil shells. It seems highly pro- 
bable that the Wealden area was dry land when the most oharac- 
teristie northern drift originated, no traces of northern erratics 
having been met with fartluT south than llighgate, near London. 
But it by no means follows that the area of the Weald was stationary 
during all these ages. It may have been raised and depressed, and its 
surface may have Ikhui nioditied by rain, rivers, and floods caused 
by the suddeu melting of deep snow again and again during the 
Glacial era.* 

* In my Goological Evidences of tho placa in Post-pliocene times, availing 
Antiquity of Man, pp. 276. 278., I have myself of the roups and raerooirs of 
given maps illiiatrutiiig the changes in lilr. Trimmer, Mr. Qodwin-Aasten, and 
physical geography which have taken others. 
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tbe coast exactly opposite Dover, a similar waterwoim beach, with 
an incumbent mass of angular iiiut-breccia, is visible. I have my- 
self visited this spot, and found the deposit strictly analogous to 
that of Brighton. The fundamental ancient beach has been up- 
lifted more than ten feet above its original level. The flint-pebbles 
in it have evidently been rounded at the base of an ancient clialk- 
cliff, the course of which can still be traced inland, nearly parallel 
with the present shore, but with a space intervening between them 
of about one-third of a mile in its greatest breadth. 

Of a somewhat older date than the Brighton bench are some largo 
erratic blocks, the greatest number of which are seen at Pagham 
and Selsea, fifteen miles south of Chichester, consisting of granite 
and many other rocks which are not of northern origin, but which 
seem to have been drifted into their present site by coast-ice from 
Normandy and Brittany. They overlie a Post-pliocene deposit of 
marine origin. Like the Brighton beach, they help to prove that 
during the Glacial period a scjv-coast bounded the elevated district 
of the Weald to the south of the present South Downs. 

Professor Ramsay*, and some other able geologists, who fully 
admit that tbe denudation of the Wealden area and that of the 
North and South Downs was mainly effected by the agency of tlic 
sea, incline, nevertheless, to the opinion that the great escarpments 
of the chalk may have been due to pluvial and fluviatile erosion, 
the sea, when it last retired, having left the secondary strata planed 
oft’ at one and the same level. But this hypothesis seems to ino un- 
tenable, l>ecause, assuming that the last of tlie submarine areas due, 
to denudation had an even and level su^^ace before it emergiMl, I 
cannot imagine that great superficial inequalities would not have 
been produced by the waves and tides of the sea during the tiim? 
when the chalk, gault, greensand, and other formations, some com- 
posed of harder and some of softer raatorials, were raised gradually 
above the waters. The scooping out of the great longitudinal 
valleys must have commenced during such upheaval ; and as to 
the transverse valleys, if it be true, as Mr. Jukes has suggested, that 
they originated at a very remote era by fluviatile erosion, when 
the chalk extended farther towards tlie central axis of the Wealden 
than now, still the subsequent deepening of these valleys must have; 
been due in part to tidal action. As to the power of mere atmosjdieric 
causes, we have only to endow them with a small portion of tlie force 
ascribed to them by tbe geologists in question, and we can have no 
difficulty in explaining how all traces of the sea in tlio shape of 
littoral shells or beach deposits should have disappeared. Shells, 
once strewed over ancient shores, way have decomposed so as to 
make it impossible for us to assign an exact palseontological date 
to the period of emergence ; but the leading inequalities of hill 


* See Professor Rainsaj*s Physical Geology and Geography of Great 
Britaio, 2nd ed. : London, 1864. 
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and dale, the long lines of escarpment, the longitudinal and trans* 
verso valleys, may still be mainly due to the power of the waves 
and currents of the sea» 

In despair of solving the problem of the present geographical 
coniiguration and geological structure of the Weald by an ap)>eal 
to ordinary causation, some geologists have been fain to invoke 
the aid of imaginary ** rushes of salt water ” over the land during 
the sudden upthrow of the bed of the sea, when the anticlinal axis 
of the Weald was formed. Others refer to- vast bodies of fresh 
water breaking forth from subterranean reservoirs, when the rocks 
were riven by earthquake shocks of intense violence. The single- 
ness of the cause' and the unity of the result are emphatically 
insisted upOn ; the catastrophe was abrupt, tumultuous, transient, 
and paroxysmal ; fragments of stone were swept along to great 
distances without time being allowed for attrition ; alluvium was 
thrown down unstratihed, and often in strange situations, on the 
hanks or on the summits of hills, while the lowest levels w’ere left 
bare. The convulsion was felt simultaneously over so wide an 
area, that all the individuals of certain species of quadrupeds were 
at once annihilated ; yet the event was comparatively modern, for 
the species of testacca now living were already in existence. 

This hypothesis is untenable and unnecessary. In the present 
chapter I have endeavoured to show how numerous have been the 
]»c‘riods of geograpliical change, and how vast their duration. 
Evidence to this etfect is afforded by the relative position of the 
chalk and overlying tertiary deposits ; by the nature, character, and 
position of the tertiary strata ; and by the overlying alluvia of the 
Weald and adjacent countries. As to the superficial detritus, its 
insignificance in volume, when compared to the missing rocks, 
should never be lost sight of. A mountain-mass of solid matter, 
hundreds of square miles in extent, aud hundreds of yards in thick- 
ness, has been carried away bodily. To what distance it has been 
transported we know not^ but certainly beyond the limits of the 
Weald. For achieving such a task, if we are to judge by analogy, 
all transient and sudden agency is hopelessly inadequate. There is 
one power alone which is competent to the task, namely, the me- 
chanical force of water in motion, operating gradually and for ages. 
We have seen in the sixth chapter that every stratified |X)rtion of 
the earth’s crust is a monument of denudation on a grand scale, 
always effected slowly ; for each superimposed stratum, however 
thin, has been successively and separately elaborated. Every 
attempt, therefore, to circumscribe the time in which any great 
amount of denudation, ancient or modern, has been accomplished, 
draws with it the gratuitous rejection of the only kind of machinery 
known to us which possesses the adequate power. 

If, then, at every epoch, from the most ancient to the Pliocene in- 
clusive, voluminous masses of matter, such as are missing in the 
Weald, have been transferred from place to place, and always re- 
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moved graduallj, it seems extravagant to imagine an exception in 
the very region where we can prove the first and last acts of 
denudation to have been separated by so vast an interval of time. 
Here, might we say, if anywhere within the range of geological 
inquiry, we have time enough, and without stint, at our command. 
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CHAPTER XX. 

JURASSIC GROUP. — PURBECK BEDS AKD OOLITE. 

The Purbcck l^eds a member of the Jurassic gn^np — Subdirisions of that group — 
Physical geography of the Oolite in England and France—Upper Oolite>- 
Purbcck beds — New genera of fossil mammalia in the Middle Furbeck of 
Dorsetshire — Dirt-bed or ancient soil — Fossils of , the Pnrbeck beds — Portland 
stone and fossils —Lithographic stone of Solenhofen — ^Archssopteryx — Middle 
Oolite — Coral rag — Zoophytes — Nerinsean limestone — Diceras limestone — Ox- 
ford clay, Ammonites and Belcmnites — Kelloway Rock — Lower Oolite, Cri- 
noidcans — Great Oolite and Bradford clay — Stonesfield slate — ^Fosnl mammalia 
— Resemblance to an Australian fauna— Northamptonshire slates— ^’'orkshire 
Oolitic coal-dcld — Brora coal — Fuller’s eartn — Inferior Oolite and fossils— Pakc- 
ontulogical relations of the several subdivisions of the Oolitic group. 

iMifEDiATELY below the Hostings Sands (the inferior member of the 
Wealden, as defined in the eighteenth chapter), we find in Dorsetshire, 
another remarkable freshwater formation, called the Pnrbeck, be- 
cause it was first studied in the sea-clifis of the peninsula of Pur- 
heck in Dorsetshire. These beds were formerly grouped with the 
Wealden, hut some organic remains recently discovered in certain 
intercalated marine beds show that the Purbeck series has a close 
affinity to the Oolitic group, of which it may be considered as the 
newest or uppermost member. 

In England generally, and in the greater part of Europe, both 
the Wealden and Purbeck bods are wanting, and the marine 
cretaceous group is followed immediately, in the descending order, 
by another series called the Jurassic. In this term, the formations 
commonly designated as ** the Oolite and Lias ’* are included, both 
being found in the Jura Mountains. The Oolite w'as so named be- 
cause in the countries where it was first examined, the limestones 
belonging to it had an oolitic structure (see p. 12.). These rocks 
occupy iu England a zone which is nearly thirty miles in average 
breadth, and extends across the island, from Yorkshire in the north- 
cast, to Dorsetshire in the south-west. Their mineral characters 
are not uniform throughout this region.; but the following are the 
names of tho principal subdivisions observed in the central and 
south-eastern parts of England. 

OOLITE. 

f a. Purbcck beds. 

Upper < 6. Portland stone and sand. 

[ c. Kimmeridgo clay. 
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j f </. Coral rag. 

juiaaie ^ ^ Oxford clay, and Kcllowny rock. 

{ / Cornbrash and Porest niarblo. 

<7. Great Oolite and Stonesficld slate. 
h. Fuller’s earth. 

I. Inferior Oolite. 

The Lias then succeeds to the Inferior Oolite. 

The Upper Oolitic system of tho above table has usucally the 
Kimmeridgc clay for its base ; the Middle oolitic syst(*m, the Oxford 
clay. The Lower system reposes on the Lias, an argillo-oalcareons 
formation, which some include in tho Lower Oolite, but which will 
be treated of separately in the next chapter. Many of these sub- 
divisions are distinguished by peculiar organic I'einnins ; and, 
though varying in thickness, may be traced in certain directions 
for great distances, especially if we compare the part of England 
to which the above-mentioned tyi^e refers with the north-east of 
France and the Jura Mountains adjoining. In that country, distant 
above 400 geographical miles, the analogy to the accepted English 
type, notwithstanding the thinness or occasional absence ol‘ the 
clays, is more perfect than in Yorkshire or Normandy. 

Physical geography , — The ^alternation, on a grand scale, of dis- 
tinct formations of clay and limestone has caused the oolitic* and 
lias.sic series to give rise to some marked features in the physical 
outline of parts of England and France. Wide valh^ys can usually 
be traced throughout the long bands of country where the argilla- 
ceous strata crop out ; and between these valleys the limestones are 
observed, composing ranges of liills or more elevated grounds. 
These ranges terminate abruptly on the side on which the several 
clays rise up from beneath the calcareous strata. 

The annexed cut will give the reader an idea of the configuration 
of the surface now alluded to, such as may be seen in passing from 
liondon to Cheltenham, or in otlicr parallel lines, from cast to Avest, 
in the southern part of England. It has been necessary, however, 


Lowor 

Oolite. 

FiR. 367. 

Mi«hlle 

Oolite. 

Upper 

Oolite. 

l.oiuIon 
Chalk, clay. 




Lias. 

Oxford Clay. 

Kim. clay. Gault. 


in, this drawing, greatly to exaggerate tho inclination of tho beds, 
and the height of the several formations, as compared to their 
horizontal extent. It will be remarked, that tho lines of cliff, or 
escarpment, face towards thS west in the groat calcareous eminences 
formed by the Chalk and the Upper, Middle, and Lower Oolites ; 
and at the base of which we have respectively the Gault, Kim- 
meridgo clay, Oxford clay, and Lias. This last forms, generally, a 
broad vale at the foot of flie escarpment of inferior oolite, but where 
it acquires considerable thickness, and contains solid beds of marl- 
stone^ it occupies the lower part of the escarpment. 
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The external outline of the country which the geologist observes 
in travelling eastward from Paris to Metz^ is precisely analogous, 
and is caused by a similar succession of rocks intervening l>etweeu 
the tertiary strata and the Lias ; witli this diflercnce, however, that 
the escarpments of Chalk, Upper, Middle, and Lower Oolites face 
towards the east instead of the west. 

The Chalk crops out from beneath the tertiary sands and clays of 
the Paris basin, near Epernay, and the Gault from beneath the 
(jhalk and Upper Greensand at Clermont-en-Argonne ; and passing 
from this fdace by Verdun and Etain to Metz, we find two limestone 
ranges, with intervening vales of clay, precisely resembling those of 
southern and central England, until we reach the great plain of 
Lias at the base of the Inferior Oolite at Metz. 

It is evident, therefore, that the denuding causes have acted simi- 
larly over an area several hundred miles in diameter, sweeping away 
the softer clays more extensively than the limestones, and uiider- 
inining these last so as to cause them to form steep elifis wherever 
the harder calcareous rock was based upon a more yielding and de- 
>tructible clay. 


UPPER OOLITE. 

Purheck beds {a. Tab., p. 375.). — These strata, which we class as 
the uppermost member of th^ Oolite, arc of limited geographical 
extent in Euro|»e, as already stated, but they acquire im|K>rtance 
when we consider the succession of three distinct sets of fossil 
remains which they contain. Such repeated changes in organic life 
must have reference to the history of a vast lapse of ages. The 
Purbeck beds are finely exposed to view in Durdlestone Bay, npir 
Swaiiage, Dorsetshire, and at Lulworth Cove and the neighbouring 
bays between Weymouth and Swanage. At Meup’s Bay, in parti- 
cular, Professor E. Forbes examined minutely, in 1850, the organic 
remains of this group, displayed in a continuous sea-clifi* section ; 
and he added largely to the information previously supplied in the 
works of Messrs. Webster, Fitton, De la Beche, Buckland, and 
Mantcll. It a])pears from these researches that the Upper, Middle, 
and Lower Purbecks are each marked by peculiar species of organic 
remains, these again being different, so far as a comparison has yet 
been instituted, from the fossils of the overlying Hastings Sands and 
'Weald Clay.* 

Upper Purbeck. — The highest of the three divisions is purely 
freshwater, the strata, about 50 feet in thickness, containing shells 
of the genera Paludina^ Physa^ Limneea^ Phnorbis^ Valvata^ C^- 
c/as, and with Cyprides and fish. All the species seem pecu- 

liar, and among tVese the Cyprides are very abundant and charac- 
teristic. (See figs. 368. a, 6, <?.) 

The stone called “ Purbeck Marblcf,*’ formerly much used in 


* “ On tho Dorsctsiiiro l^lrbccks,” by Ptof. £. Forbes, Brit. Assoc. Ediub., 1850. 
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Cyprtdet firom the Upper Purbeckt. 

a. Cifpris f AAma, EL Forbet. 6. C^fpru HAeradata^ E. Forbe». u Cifprit legwwineUa» B. Forbes. 

ornamental architecture in the old English cathedrals of the southern 
counties, is exclusively procured from this division. 

Middle Purbeck. — Next in succession is the Middle Purbeck, 
about 30 feet thick, the uppermost part of which consists of fresh- 
water limestone, with cyprides, turtles, and fish, of ditferent species 
from those in the preceding strata. Below the limestone are 
brackish- water beds full of Cyrena^ and traversed by bands abound- 
ing in Corbula and Melania, These are based on a purely marine 
deposit, with PecteUy Modiola^ Avicula^ Thracia^ all undcsoribed 
shells. Below this, again, come limestones and shales, partly of 
brackish and partly of freshwater origin, in which many fish, 
especially species of Lepidotus and Microdon radiatns, are found, 
and a crocodilian reptile named 3facrorbyncus. Among the mollusks, 
a remarkable ribbed Jfelania^ of the section Chilina^ occurs. 

Immediately below is the great add conspicuous stratum, 12 feet 


Fig. 369. 


Fig. 370. 



HemicidarH Ptgrbeckmtis, E. Forbes. 
Middle Furbeck. 


thick, long familiar to geologists under the local name of Cinder- 
bed,” formed of a vast accumulation of shells of Ostrea distorta^ 


Fig. 371. 



Cyprides from the Middle Purbecks. 

a, Cypris tiriaUt-pmuiaia, B. Forbes, b. Cypris feueieulata, E. Forbes, c. CyprU granuiata. Sow. 
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fkuia Brittorii, B. Fortes. 
Middle Purbeck. 


(fig, 869.). In the uppermost pert of this bed Professor Forbes 
discovered the first echinoderm (fig. 870.) ss yet knoup in the Pur- 
beck series, a species of Hemieidaru^ a genus characteristic of the 
Oolitic period, and scarcelji if at all, distinguishable from a pre- 
vious!/ known Oolitic species. It was accompanied by a species of 
Perna, Below the Cinder*bed freshwater strata are again seen, 
filled in many places with specie of Cypru (fig. 371. a, c.), and 
with Valvata^ Paludina^ Ftanorbu^ Limnaa^ Phyta (fig. 372.), and 
Cyclasy all different from any occurring higher in the series. It 
will be seen that Cypris foiciculaia (fig. 371. 
b.) has tubercles at the end only of each 
valve, a character by which it can be imme- 
diately recognized. In fact, these minute 
crustaceans, almost as frequent in some of the 
shales as plates of mica in a micaceous sand- 
stone, enable geologists at once to identify the 
Middle Purbeck in places far from the Dorset- 
shire cliffs, as, for example, in the Vale of 
Wardour, in Wiltshire. Thick siliceous beds of chert occur in the 
Middle Purbeck filled with mollusca and cyprides of the genera 
already enumerated, in a beautiful state of preservation, often con- 
verted into chalcedony. Among these Professor Forbes met with 
gyrogoiiites (the spore-vessels of Chara)^ plants never until 1851 
discovered in rocks older than Eocene. 

Fossil Manimalia of the Middle Purbeck, — In the fourth edition of 
this work (1862), after alluding to the discovery of numerous insects 
and air-breathing mollusca in the Purbeck,^ I remarked that, 
although no mammalia had then been found, it was too soon to infer 
tlieir non-existence on mere negative evidence.” Only two yeai^ 
after this remark was in print, Mr. W. B. Brodie found in the 
Middle Purbeck, about twenty feet below the Cinder ” above alluded 
to, in Durdlestone Bay, portions of several small jaws with teeth, 
which Professor Owen, after clearing away the matrix, recognized 
as belonging to a small mammifer of the insectivorous class. The 
teeth with pointed cusps gesemble in some degree those of the Cape 
Mole {Chrysochlora aurea) ; but the number of the molar teeth (at 
least ten in each ramus of the lower jaw) accords better with some 
of the extinct mammalia of the Stonesfield Oolite (see below, p. 402.). 
This newly-found quadruped, therefore, seems to have been more 
closely allied in its dentition to the Amphiiherium (or Thylacoihe- 
rium) than to any existing insectivorous type. The angular pro- 
cess of the jaw, as in Amphitherium^ is not bent inwards, an 
osteological peculiarity confined to the marsupial tribes, and Pro- 
fessor Owen therefore at first referred the Spalaeotherium to the 
placental or ordinary monodelphous mammalia. 

Four years later (in 1856) the remains of twelve or more species 
of warm-blooded quadrupeds were exhumed by Mr. S. H. Beckles, 
F.R.S., from the same thin bed of marl near the base of the Middle 
Purbeck. In this marly stratum many reptiles, several insects, and 
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some freshwater shells of the genera Paludina, Flanorbis^ and 
Cyclas were found. » 

Mr. Beckles had determined thoroughly to explore the thin layer 
of calcareous mud from which in the suburbs of Swnnage the bones 
of the Spalacotherium had already been obtained, and in three weeks 
he brought to light from an area forty feet long and ten wide, and 
from a layer the average thickness of which was only five inches, 
portions of the skeletons of six new species of mammalia, as inter- 
preted by Dr. Falconer, who first examined them. Before the 
beginning of the year 1857 the number of siiecies recognized by the 
eminent zoologist last mentioned amounted to seven or eight, exclu- 
sive of two which had already been found by Mr. Brodic and named 
by Professor Owen. Before these interesting inquiries were brought 
to a close, the joint labours of Professor Owen and Dr. Falconer had 
made it clear that twelve or more species of mammalia characterized 
this portion of the Middle Purbeck, most of them insectivorous or 
predaceous, varying in size from,that of a mole to that of the common 
])olecat, 3[u$tela putorius. While the minority had the cliaracter of 
insectivorous marsupials, Dr. Falconer selected one as differing widely 
from the rest, and pointed out that in certain characters it was allied 
to the living Kangaroo-rat, or Hypsiprymnus^ ten species of which 
now inhabit the prairies and scrub-jungle of Australia, feeding on 
plants and gnawing scratched-up roots. A striking peculiarity of 
their dentition, one in which they differ from all other quadrupeds, 
consists in their having a single large pre-molar, the enamel of wdiich 
is furrowed with vertical grooves, usually seven in number (sec /, 
ijg. 373., where the pre-molar of the recent IIyi)siprymmis Gaimardi 
is represented). 

* The largest pre-molar in the fossil genus exhibits in like manner 
seven parallel grooves, producing by their termination a similar 
serrated edge in the crown ; but their direction is diagonal — a dis- 
tinction, says Dr. Falconer, which is “trivial, not typical.” 

lAs these oblique furrow.s form so marked a character of the 
majority of the teeth, Dr. Falconer has proposed for the fossil tlic 
generic name of Plagiaulax, The shape ^and relative size of the 
incisor a, figs. 373. and 374., exhibit a no less striking similarity to 
Hypsiprymnus, Nevertheless, the more sudden upward curve of 
this incisor, especially in tlie larger species, as well as the number 
and characters of the other teeth, and the shortening, compression, 
and depth of the jaw, taken together with the backward projection 
of the condyle {d, fig. 373.), indicate a great deviation in the form of 
Plagiaulitx from that of the living kangaroo-rats. 

Our knowledge is at present confined to two fossil specimens of 
lower jaws*, evidently referable to two distinct species, extremely 
unequal in size and otherwise distinguishable. The largest, P* 
Beckluii (fig. 373.), was about as big as the English squirrel or the 

• Threa additional specimens of P. confirm Dr. Falconer’s conclusion pre- 
BeckteMii htLvc since been found, some viouslj ex pressed in regard to the affinity 
with the two back molars entire. Tlicy of riugtanlax and Microlestcs. 
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flying plialangor of AuBtralia {Petaurm Ausiralis^ Waterhouse). 
The skeleton of this j/lialanger (named P, macrurus^ No. 1849.9 
seum of College of Surgeons) measures fifteen inches in length, 


Fig. 373. 



Tlagiaulax Seckiesii^ Falconer. 

Theso t«*f> fi(nire« n^preient the same right ramus of the lower jaw ^een on the oppoiuti* 
Kiirfaces of a split stone, the two taken together afTording data fur a complete retioration of 
the jaw. 

Upper figure (outer side). 

a, b, e*. Right ramus of lower jaw magnified two diameters, a, S, outer side. c', im- 

pression of inner side. 

a. IncisKW. 

c. l.me of rerllcal fracture behind the pre-molari. 
it. Impri‘s«.ion of thecoiidylc in tin* matrix. 

<•'. Impression of tm» of coromdd process. 

/. Section of the anterior piece of the jaw at the fracture ft. c,— x. inner surface : y. outer. 
The notch at the top is formed by one of the sockets of the double-langed true 
molar. 

p. Seciion of the hinder piece near ft, c ; x, inner ; y, outer surface, 
o'. Jit okim-off inflected fold of inner margin buried in the m.ttnx. 

7/1. Soekeis of two molars. * 

p, 771. Tiiree pre-rool»rt, the third and last divided by a crack. 

jMwer figure < tanrr ttde). 

a\ d. Same lower jaw on the opposite slab of stone ; ft, d, t\ inner side ; ft, a\ h, cast and im« 
pre^slon of outer side. 
a’. Outline of the incisor restored, 
ft, r. Line of vertical fracture. 

d, C'ondyle. 
f. Ooronoifl. 

ft. Impression on the matrix of the three pre-molars, 
r. Kmpty sockets of the two true molars. 

91 . Oritice ot dentary canal. 

o. Indication of the raised and Inflected fold of the posterior Inner margin. 

ft. Third or largest pre-inolar. magnified ft| diameters, showing the 7 d‘affonal grooves. 

/. Corresponding pre-molar in the recent Australian Hypsiprymuus Osumardi. ^howiuJ 
the 7 tertlcal grooves, magnified ^ lUameteri. 


exclusive of the tail, which is more than eleven inches long. The 
smaller fo8.sil(P. minor^ fig. 374.), having only half the linear dimen- 
sions of the oth#r, was probably only l-12th of its bulk. It is of 
peculiar geological interest, 'because, as shown by Dr. Falconer, it.** 
two back molars bear a decided resemblance to those of the Triassic 
Microlestesijhy c, fig. 375.), the most ancient of known mammalia, of 
which an account will be given in Chapter XXII. When Dr. Falconer, 
in 1857, pronounced the Plagiaulax to be marsupial and herbivorous. 
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he also regarded it as having the form of a rodent ; but he did not 
overlook that in some of its characters, especiallj in the coronoid, 
it resembled certain predaceous marsupials more than those of the 
herbivorous class. Professor Owen attaches greater importance to 


fig. 374. 



PtagiauUu minor, Falc. 

• ( Magnified 4 diameters. ) 

All the teeth in this specimen are in place and well prewerved. The hinder part of the jaw- 
bone, with the ascending ramus and posterior angle, arelroken away. 

a, b. Right ramus of lower Jaw, with all the teeth magnified 4 diameters. 

. Incisor with point broken off. a', impression of same, showing that the inner side near 
the apex was hollowed out In a longitudinal direction. 

Offset of coronoid, the rest of which is wanting. 

, The two true molars. 

, The four pre*molars. 

. The first molar, magnified 8 diameters. 

Upper figure, the crown. Lower figure, side view. 

d. Second molar, crown and side Tiew. 

e. Straight line indicating the length of the jaw, natural sixe. 

these characters, and has declared his opinion that the Plagiiiulax 
was carnivorous, or that it fed on small insectivorous mammalia and 
lizards.* Dr. Falconer objects that the inference as to the preda- 
ceous habits of Plagiaulax Becklesii^ drawn from the upward curve 
of the incisor (a,, dg. 373. p. 381.), is neutralized by the more 
horizontal position of the same incisor in the smaller species {a., 
fig. 374.), to say nothing of the fact that in the living vege- 
table-feeding Koala {Phascolarctus cinereus) the incisor is also pro- 
jected forwards with a slight upward inclination, as in P, Becklesii.\ 
The same anatomist also insists, and apparently with no small force 
of reasoning, on the analogy of the pre-molar of Plagiaulax (^., fig. 
373. p. 381.), with that of the kangaroo-rat (/, ibid.). The reader 
will see that the grooves in Plagiaulax are close set, perfectly 
parallel, and that they also correspond in number with those of the 
living hypsiprymnus ; and if he will compare them, as I have done, 
with the sinuous and bifurcating furrows on the pre-molar of the 
fossil Thylacoleo, to which Professor Owen has likened them, ho 
will, 1 think, be as much at a loss as Dr. Falconer to recognize any 
resemblance between them. 

All the fossil bones of mammalia discovered before the year 1857, 
in rocks older than the tertiary, had consisted exclusively of single 
branches of lower jaws, and it is a singular fact that Mr. Deckles 

* Owen's Palaeontology, p. 353. 

t Falconer, Geol. Qnart. Joura., vol xviil. p. 357. 
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should have sent to London in that year the first known example of 
the upper portion of the skull of a fecondarjr mammal consisting, as 
Dr. Falconer pointed out to me at the time, of the two frontal and 
the two parietal bones in a good state of preservation, with the 
sagittal crest well marked, and the occipital also with its crest. 
Although the lateral and basal portions of this cranium were 
wanting, enough remained to show that it agreed with the ordinary 
type of living warm-blooded quadrupeds. 

In the same slab with this cranium ‘occurred the entire side 
of the lower jaw of another quadruped, to which Professor Owen 
gave the generic name of Tricanodon. It contains eight molars, 
a large and prominent canine, and one broad and thick incisor. 
This creature must have been nearly as large as the common 
hedgehog. 

Several other jaws with similar tricuspid teeth of larger dimen- 
sions, found by Mr. Beckles, indicate the existence of another 
species of Triconodon of a more elongated form, and about one- 
third larger in size. Its marsupial character was inferred by Dr. 
Falconer from the number of the true molars, the strong inflected 
angular process, the broad salient everted rim of the ridge which is 
decurrent on the outer side from the condyle along the inferior 
mai^gin, and the marked development of the mylo-hyoid groove. 
Ho also observed that these two species of Triconodon were more 
like small ferine animals than mere insectivorous marsupials, and 
that they probably fed on prey less minute than insects. This 
opinion he deduced from the cutting character of their teeth, and 
Hieir comparatively formidable canines, together with the form of 
the ascending ramus. 

Professor Owen has proposed the name of Galestes for the largest 
of the mammalia discovered in 1858 in Purbeck, equalling the pole- 
cat {Mustela putorius) in size. It is supposed to have been preda- 
ceous and marsupial. Its generic character is derived from a 
peculiar modification in the form of one of the pre-molars, which 
has a single external vertical groove. 

When ^&•. Beckles had found the remains of twenty-eight distinct 
individuals of Purbeck mammalia, and Mr. Brodie seven other 
specimens, they all consisted of lower jaws, and qnly five of them 
had upper jaws in connection ; and the ten other specimens of 
oolitic mammalia belonging to four species discovered at Stouesfield 
were in like manner all represented by lower jaws. That between 
forty and fifty pieces or sides of lower jaws with teeth should have 
been found in oolitic strata, and with them only five upper maxil- 
laries, together with one portion of a separate cranium, will 
naturally excito^surpriso. There were no examples in Purbeck of 
an entire skeleton, nor of any considerable number of bones in 
juxtaposition. In several portions of the matrix there were 
detached bones, often much decomposed, and ihagments of others 
apparently mammalian ; but, if all of them were restored, they 
would scarcely suffice to complete the five skeletons to which the 
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five upper maxillaries above alluded to belonged. As the average 
number of pieces in each mami|ialian skeleton is about 250, there 
must be many thousands of missing bones ; and when we endeavour 
to account for their absence, we are almost tempted to indulge in 
speculations like those once suggested to me by Dr. Buckland, when 
he tried to solve the enigma in reference to Stonesfield : — “ The 
corpses,” he said, “ of drowned animals, when they float in a river, 
distended by gases during putrefaction, have often their lower jaw 
hanging loose, and sometimes it has dropped oif. The rest of thu 
body may then be drifted elsewhere, and sometimes may bo swal- 
lowed entire by a ptedaceous reptile or fish, such as an ichthyosaur 
or a shark.” 

We may also suppose that when fish or otlier aquatic animals 
attack a decaying carcase, whether it be floating or has sunk to the 
bottom, they will first devour those parts which are covered witli 
flesh. A lower jaw, consisting of little else than bones and teeth, 
will be neglected, and becoming detached, may be drifted away by 
a current of moderate velocity, and buried apart from the other 
bones in sand or mud. 

As all the above-mentioned Purbeck mammalia, belonging to 
eight or nine genera and to about fourteen species of insectivorous, 
predaceous, and herbivorous marsupials, have been obtained from 
an area less than 500 square yards in extent, and from a single 
stratum not more than a few inches thick, we may safely eonelude 
that the whole lived together in the same region, and in all likeli- 
hood they constituted a mere fraction of the mammalia which in- 
habited the lands drained by one river and its tributaries. They 
afford the first positive proof as yet obtained of the co-existence of 
a varied fauna of the highest class of vertebrata witli that ample 
development of reptile life which marks all the periods from tin* 
Trias to the Lower Cretaceous inclusive, and with a gymnospernious 
flora, or that state of the vegetable kingdom when cycads and 
conifers predominated over all kinds of plants, except the ferns, so 
far at least as our present imperfect knowledge of fossil botany 
entitles us to speak. . 

The annexed table will enable the reader to seo at a glance how 
conspicuous a part, numerically considered, the maintnalian species 
of the Middle Krbeck now play when compared with those of other 
formations more ancient than the Paris gypsum, and at tho same 
time it will help him to appreciate the enormous hiatus in the his- 
tory of fossil mammalia, which at present occurs between the Purbeck 
and Eocene periods. 
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Number and DUtribuHon of all the knovm Spedet of Fouil Mam- 
malia from Strata older than the Paris Gypsum, or than the 
Bembridge Series of the Isle of Wight, 


Tebtiabt. ■{ 


Pbihart. 


] 


Secokdauv. 


flleadon Series and Beds between the 
Paris Gypsum and the Gres dc Beau 
champ - ^ 

Barton Clay and Sables de Beauchamp 

Bagshot Beds, Oalcaire Grossier, andl 
Upper Soissouiiais of Cuissc-Lamotte / 

London Clay, including the Kyson Sai^d - 
Plastic Clay and Lignite 

Sables de Bracbeux 
Thaiiet Sands and Lower Landenian of 
Belgium - - - - . j' 

fMaestricht Chalk • 

White Chalk - 
Chalk Marl ... 

Upper Greensand 
Gault - - - - 

Lower Greensand 
Weald Clay, &c. - 

Hastings Sand 
UpjMT Purlieck Oolite 
MuUlle Purheck Oolite - 
IaOwuf I*url>eck Oolite 
*5 Pore land Oolite 
KimnuTtdge Clay - 
Coral Bag - - - 

Oxford Clay - - - 

Great Oolite - - - 

Inferior Oolite 
Lias - - - - 

Upper Trias - - - 

Middle - - - - 

LLower - - - - 

/Permian - - - 

J Carboniferous 
1 Silurian - - - - 

(Cuiiibrian ... 


^10 Englisli. 


20 

7 

9 

1 


French. 


16 French. 

1 English. 

3 U. Slates.* 
All English, 
r 7 French. 

\ 2 English. 
French. 


( 


0 

0 

0 

0 

0 

0 

0 

0 

0 

14 Swaoage. 
0 
0 
0 
0 
0 
4 
0 
0 


o 

0 

0 

0 

0 

0 


Stonesfield. 

rWurtemberg. 
4 Soihersetsh. 

L N. Carolina. 


In drawing up the above table I have been assisted by Professor Owen in re- 
ference to the British, and by MM. I.»artct and Hebert in reference to the fossil 
mammalia t)f the French Eocene strata. There are, besides, several undocribed 
species in the collection of the two last-mentioned palaeontologists, or in museums 
known to them ; and, in regard to one or two of the Eocene continental localities 
out of the Paris basin, the ago of the deposits is too little known to allow us to in- 
clude their fossils in the table. 

The .Sables de Bracheux, enumerated in the Tertiary division of the table, sup- 
posed by Mr. Prcstwich to be somewhat newer than the Thanct Sands, and by M. 
Hebert to be of al|put that i^e, have yielded at La Fere the Arctocjfon {Patteveyan) 
primaivws, the oldest known tertiary mammal. 


It is worthy of niotice, that in the Hastin^gs Sands there are certain 
layers of clay and sandstone in which numerous footprints of qua- 
drupeds huvo been found by Mr. Beckles, and traced by him in the 


* I allude to several Zcuglodons found in Alabama, and referred by some 
toologists to three bpecics. 
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same set of rocks through Sussex and the Isle of Wight. They 
appear to belong to three or four species of reptiles, and no ono of 
them to any warm-blooded quadruped. They ought, therefore, to 
serve as a warning to us, when wo fail in like manner to detect 
mammalian footprints in older rocks (such as the New Red Sand- 
stone), to refrain from inferring that quadrupeds, other than rep- 
tilian, did not exist or pre-exist. 

But the most instructive lesson read to us by the Purbcck strata 
consists in this : — They are all, with the exception of a few interca- 
lated brackish and marine layers, of freshwater origin ; they are 
160 feet in thickness, have been well searched by skilfdi collectors, 
and by the late Edward Forbes in particular, who studied them for 
months consecutively. They have been numbered, and the contents 
of cacl^stratum recorded separately, by the officers of the Govern- 
ment l^rvey of Great Britain. They have been divided into three 
distinct groups by Forbes, each characterized by the same genera of 
pulmoniferous mollusca and cy prides, but these genera being repre- 
sented in each group by different species ; they have yielded insects 
of many orders, and the fruits of several plants ; and lastly, they 
contain “dirt-beds,” or old terrestrial surfaces and soils at different 
levels in some of which erect trunks and stumps of cycads and 
conifers, with their roots still attached to them, are preserved. Yet 
when the geologist inquires if any land-animals of a higher grade 
tlian reptiles lived during any one of these three periods, the rocks 
.are all silent, save one thin layer a few inches in thickness ; and this 
single page of the earth’s history has suddenly revealed to us in a few 
weeks tlic memorials of so many species of fossil mammalia, that they 
already outnumber those of many a subdivision of the tertiary series, 
and far tftirpass. those of all the other secondary rocks put together ! 

Next anterior in age to the Purl>eck mammalia are those of the 
Lower Oolite at Stonesfield, to bo mentioned at page 404. These 
are all very small, comprising four species, three of which are cer- 
tainly marsupial, and the other ])ossibIy phicental, but so unlike any 
living type that some doubts are entertained os to whether it may 
not have been marsupial. Still older than the above art*, some fossil 
quadrupeds, also of small size, found in the U{>i>er Trias of Stuttgarclt, 
in Germany, and more latcdy by Messrs. Charles Moore and W. Boyd 
Dawkins, in beds of corresponding age in Somersetshire, which are 
also of a very low grade, like the living Myrmccobius of Australia. 

If the three localities where the most ancient mammalia have been 
found — Purbeck, Stonesfield, and Stuttgardt — had belonged all of 
them to formations of the same age, we might wei|^av<^ imagined 
so limited an area to have been peopled exclusively with pouched 
quadrupeds, just as Austsalia now is, while other parts of the globe 
were inhabited by placentals, for Australia now 8U[>portM one hun- 
dred and sixty species of marsupials, while the rest of tho continents 
and islands are tenanted by about seventeeu hundred species of mam- 
malia, of which only forty-six are marsupial, namely, tho opossums 
of North and South America. But the great difference of ago of 
the strata in each of these three localities seems to indicato the pro* 
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dominanco throughout a vast lapse of time (from the era of the 
Upp<*r Trias to that of the Purbcek beds) of a low grade of quadru- 
peds ; and thi% persistency of similar generic and ordinal types in 
Europe wlitio the species were changing, and while the fish, reptiles, 
and mollusca were uifdergoing vast modifications, would naturally 
lend us to suspect that there must also have been a vast extension 
in space of the same marsupial forms during that portion of the 
secondary epoch which has been termed “ the age of reptiles.** Such an 
inference as to the wide geographical range of the marsupials of the 
olden time has been confirmed by the discovery in the Trias of North 
America of three lower jaws of a quadruped allied to Myrmecobius. 
It was found by the late Dr. Emmons in beds probably coeval with 
the “ Keuper ** of Europe. The predominance in earlier ages of these 
mammalia of a low grade, and the absence at present of species of 
higher organization, is certainly in favour of the theory of progressive 
development. 

Beneath the freshwater strata to which the mammaliferous marl 
belongs is a thin band of greenish shales, with marine shells and 
impresshins of leaves, like those of a largo Zoslera, forming the base 
of the Middle Purbeck, 

Lower Purbeck, — Beneath the thin marine band last mentioin <1, 
purely freshwater marls occur, containing species of Cypris (fig. i7o. 
o, b)y Valvata^ and Umtutay dif- 

ferc*nt from those of the Mid- Fig. 375. 

die Purbeck. This is the be- 
ginning of the inferior division, 
which is about 80 feet thick. 

Ihdow the marls are seen, at 
MfMip’s Bay, more than 30 feet of 
brackish- water strata, abound- 
ing i n a species of Serpula, allied CypndM from the Lower Piirbccki. 

to, if not identical with, Serpula 



coaeerviieSy found in l)eds of the 

same age in Hanover. There are also shells of the genus Rissoa (of 
the subgenus I/ydrobia), and a little Cardium of the subgenus Pro- 
toenrdium, in these marine beds, together with Cypris, Some of the 
cypris-bcaring shales are strangely contorted and broken up, at the 
west end of the Isle of Purbeck. 

The great dirt-bed or vegetable 
soil containing the roots and sUhiIs 
of Cycadcoiy which I shall pre- 
sently deseribe, underlies these 
marls, and rest4< upon the lowest 
fresh water limestcuie, a rock about 
eight feet thick, containing Ty- 
chtSy ValvatUy and Limmeay of the 
sain(» species its those of the up- 
pormost part of the Lowct Pur- B«tuna 

beck, or above the dirt-bed. Ike 

col 
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freshwater limestone in its turn rests upon the top beds of the Port- 
land stone, which, although it contains purely marine i*emains, often 
consists of a rock quite homogeneous in mineral chi^acter with the 
Lowest Purbeck limestone.* 

The most remarkable of all the varied suOcession of beds enu- 
merated iu the above list, is that called by the quarrymen ‘‘the 
dirt,” or “black dirt,” which was evidently an ancient vegetable 
soil. It is from to 18 inches thick, is of a dark brown or black 
colour, and contains a large proportion of earthy lignite. Through 
it are dispersed rounded fragments of stone, from 3 to 9 inches in 
diameter, in such numbers that it almost deserves tlm name of 
gravel. Many silicified trunks of coniferous trees, and the remains 
of plants allied to Zamia and Cyeas^ are buried iu tJiis dirt-bed (see 
iigure of fossil species, lig. 376., and of living Zamia, fig. 377,). 


Fig. an. 



Zamia spiralis, Soutnprn Australia. 


These plants must have become fossil on the spots where tliey 
grew. The sttfmps of the trees stand erect for a height of from one 
to three feet, and even in one instaifce to six feet, with their roots 
attached to the soil at about the same distances from one another as 
the trees in a modern forest.f The c<arbouaceous matter is most 
abundant immediately around the stumps, and round the remains of 
fossil Cycade(jB.\ 

Fig. 37S. 

freshwater calcareous slate. 

dirt-bed and ancient forest. 

lowest freshwater beds of the Lower 
Purbeck. 

Portland stone, marine. 

Section in Isle of Portland, Dorset. (Buckland and De la Boche.) 

Besides the upright stumps above mentioned, tli6 dirt-bed contains 
the stems of silicified trees laid prostrate. Those are partly sunk 

♦ Weston, GeoL Qaart. Journ., vol Dirt-bed. 
viii. p. 117. f Fitton,GcoI. Trans., Second Scries, 

f Mr. Webster first noticed the erect voL iv. pp. 220, 22 L 
position of the trees, and described the 
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into the black earth, and partly enveloped by a calcareoas slate 
which covers the dirt-bed. The fragments of the prostrate trees are 
rarely more than three or four feet in length ; but by joining many 
of them together, trunks have been restored, having a length from 
the root to the branches of from 20 to 23 feet, the stems being undi- 
vided for 17 or 20 feet, and then forked. The diameter of these 
near the root is about one foot. Root-shaped cavities were observed 
by Professor flenslow to descend from the bottom of the dirt-bed 
into the subjacent freshwater stone, which, though now solid, must 
have been in a soft and penetrable state when the trees grew.* 

The thin layers of calcareous slate (fig. 37K.) were evidently de- 
posited tranquilly, and would have been horizontal but for tiie pro- 
trusion of the stumps of the trees, around the top of each of which 
they form hemispherical concretions. 

The dirt-bed is by no means confined to the island of Portland, 
where it has been most carefully studied, but is seen in the same 
relative position in the cliffs east of Lulw'orth Cove, in Dorsetshire, 
where, as the strata have been disturbed, and are now inclined atari 
angle of the stumps of the trees are also inclined at the same 
ringle in an opposite direction — a beautiful illustration of a change 
in the position of beds originally horizontal (see fig. 379.). Traces 


Fig. 379. 

freshwater calcareous slate, 
dirt-bed, with stools oi trees. 


freshwater. 


Portland stone, marine. 


Section in clifTeast of Lulworth Cove. ^Buckland and De la Bcche.) 

of the dirt-bed have also been observed by Mr. Fisher, at Ridgway ; 
by Dr. Buckhind, about two miles north of Thame, in Oxfordshire ; 
and by Dr. Fitton, in the cliffs in the Boulonnois, on the French 
coast : but, as might be expected, this freshwater dejKisit is of 
limited extent when compared to most marine formations. 

From the facts above described we may infer, first, that those beds 
of the U pper Oolite, called “ the Portland,” which are full of marine 
shells, were overspread with fluviatile mud, which bedame dry land, 
and covered by a forest, throughout a portion of the space now 
occupied by 'the south of England, the climate being such as to 
admit the growth of the Zamia and Cycas. 2ndly. This land at 
length sank down and was submerged with its forests beneath a 

* Bncklnnd and Do la Beche, Geol. subjacent rock is a freshwater limestone. 
Trans., Second Series, vol. iv. p. 16. and not a poitiun of the Portlaud oolite, 
Vrof. Forbes has ascertained that the as was previously imagined. 
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body of fresh water, from which sediment was thrown down enve- 
loping fluviatile shells. 3rdly. The regular and uniform preservation 
of this thin bed of black earth over a distance of many miles, shows 
that the change from dry land to the state of a freshwater lake or 
estuary, was not accompanied by any violent denudation, or rush of 
water, since the loose black earth, together with the trees which lay 
prostrate on its surface, must inevitably have been swept away had 
any such violent catastrophe taken place. 

The dirt-bed has been described above in its most simple form, 
but in some sections the appearances are more complicated. The 
forest of the dirt-bed was not everywhere the first vegetation which 
grew in this region. Two other beds of carbonaceous clay, one of 
them containing Cycadea^ in an upright position, have been found 
below it, and one above it, which implies other oscillations in tlic 
level of the same ground, and its alternate occupation by laud and 
water more than once. 


Table showing the changes of medium in which the strata were 
formed^ from the Portland Stone up to the Lower Greensand i/i- 
clusivCj in the south-east of England (beginning with the lowest). 


1. Marine 

2. Freshwater 
Land 

Freshwater 

Land 

Freshwater 

Land (Dirt>bed) 

Freshwater 

Land 

Brackish 

Freshwater 


Portland Stone. 


Lower Purbeck. 


3. Marine 
Freshwater 
Marine 
Brackish 
Marine 
Brackish 
Freshwater 

4. Freshwater 

5. Freshwater 
Brackish 
Freshwater 

6. Freshwater 

7. Marine 


. Middle Purbeck. 

Upper Purbeck. 

^ Hastings Sands. 

Wcaldcn Clay. 
Lower Greensand 


The annexed tabular view will enable the reader to take in at a 
glance the successive changes from s^ to river, and from river to 
sea, or from these again to a state of land, which have occurred in 
this part of England between the Oolitic and Cretaceous periods. 
That there have been at least four changes in the species of testacea 
during the deposition of the Wealden and Purbeck beds, seems to 
follow from the observations recently made by Professor Forbes ; so 
that, should we hereafter find the signs of many more alternate 
occupations of the same area by different elements, it is no more 
than we might expect. Even during a small part of a zoological 
period, not sufficient to allow time for many species to die out, wo 
find that the same area has been laid dry, and then submerged, and 
then again laid dry, as in the Deltas of the Po and Ganges, the his- 
tory of which has been brought to light by Artesian borings.* We 
also know that similar revolutions have occurred within the present 
century (1819) in the delta of the Indus in Cutch f, where land has 
> 

• Sec Principles of Geol., 9th cd., + Ibid., p. 460. 
pp. 255. 275. 
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been laid permanently under the waters both of the riTer and sea, 
without its soil or shrubs having been swept away. Even inde- 
pendently of any vertical movements of the ground, we see in the 
principal deltas, such as that of the Mississippi, that the sea extends 
its salt waters annually for many months over considerable spaces 
which, at other seasons, are occupied by the river during its inun- 
dations. 

It will be observed that the division of the Purbecks into upper, 
middle, and lower has been made by Professor Forbes strictly on the 
principle of the entire distinctness of the species of organic remains 
which they include. The lines of demarcation are not lines of dis- 
turbance, nor indicated by any striking physical characters or mineral 
changes. The features which attract the eye in the Purbecks, such 
as the dirt-beds, the dislocated strata at Lulworth, and the Cinder- 
bed, do not indicate any breaks in the distribution of organized 
beings. The causes which led to a complete change of life three 
times during the deposition of the freshwater and brackish strata 
must,” says this naturalist, be sought for, not simply in either a 
rapid or a sudden change of their area into land or sea, but in the 
great lapse of time which intervened between the epochs of deposition 
at certain periods during their formation.” 

Each dirt-bed may, no doubt, be the memorial of many thousand 
years or centuries, l^cause we find that 2 or 3 feet of vegetable soil 
is the only monument which many a tropical forest has left of its 
existence ever since the ground on which it now stands was first 
covered with its shade. Yet, even if we imagine the fossil soils of 
the Lower Purbeck to represent as many ages, we need not expect on 
that account to find them constituting the lines of separation be- 
tween successive strata characterized by different zoological types. 
The preservation of a layer of vegetable soil, when in the act of 
being submerged, must be regarded os a rare exception to a general 
rule. It is of so perishable a nature, lhat it must usually be carried 
away by the denuding waves or currents of the sea, or by a river ; 
and many Purbeck dirt-beds were probably formed in succession and 
anniliilated, besides those few which now remain. 


The plants of the Purbeck beds, so far as our knowledge extends 


at present, consist chiefly of Ferns, Conifene (fig. 
380.), and Cycadeae (fig. 376.), without any angio- 
sperms ; the whole more allied to the Oolitic than 
to the Cretaceous vegetation. The vertebrate and 
invertebrate animals indicate, like the plants, a 
somewhat nearer relationship to the Oolitic than 
to the Cretaceous period. Mr. Brodie has found the 
remains of beetles and several insects of the horoop- 
terous and trichopterous orders, some of which 
now live on plants, while others are of such forms 


Fiff.3m. 



Cone of « pine from the 
I tie of Purbeck. (Fitton.) 


as hover over the surface of our present rivers. 


Portland Oolite and Sand (6. Tab., p. 375.).-— The Portland oolite 


has already been mentioned as forming in Dorsetshire the founds- 
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tion on which the freshwater limestone of the Lower Purbeck 
reposes (see p. 387.), It supplies the well-known building-stone of 
which St. Paul’s and so many of the principal edifices of London aro 
constructed. This upper member rests on a dense bed of sand, called 
the Portland sand, containing for the most part similar marine fossils, 
below which is the Kimmeridge clay. In England these Upper 
Oolite formations are almost wholly confined to the southern coun- 
ties. Corals are rare in them, although one species is found plenti- 
fully at Tisbury, Wiltshire, in the Portland sand, converted into 
Hint and chert, the original calcareous matter being replaced by 
silex (Hg. 381.). 

The Kimmeridge dag consists, in great part, of a bituminous 
shale, sometimes forming an impure coal, several hundred feet in 
thickness. In some places in Wiltshire it much resembles peat; and 


Fig. 381. 



Jsastreea oblonga, M. Edw. and J. Haime. 
As seen on a polished slab of chert from 
the Portland Sand, Tisbury. 


Fig. 382. 



1 Trigonia gihhoga, | nat. siz 
a. the liiiigt*. 
Portland Stone, Tisbury. 


Fig. 384. 


Fig. 383. 




Cardium diuinUle. ^ nat. sixa 
Portland Stone. 


Oxtrea erpama, 
Portl.ind Sand. 


the bituminous matter may have been, in part at least, derived from 
the decomposition of vegetables. But as impressions of plants are 
rare in these shales, which contain ammonites, oysters, and other 
marine shells, the bitumen may perhaps be of animal origin. 

Among the characteristic fossils may be mentioned Cardium stria* 
tulum (Hg. 385.) and Ostrea delioidea (fig. 386.), the latter found in 
the Kimmeridge clay throughout England and the noHh of France, 
and also in Scotland, near Brora. The Grgpheea virgula (fig. 387.), 
also met^with In the same clay near Oxford, is so abundant in the 
Upper Oolite of parts of France as to have caosed the deposit to be 
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Fig. 885. Wf. 3M. rig. 887. 



Cardium ttriatvlum, Oitrea deltoHra. Grfphaa ( Ejeog.ffra'i virguia. 

Kiiiimvriiigu ciuy, Hartwell. Kiniineriilge clay, \ nat. tlse. Kiinmerioge clay. 


termed “marnes h p^ryplides virgulee.” Near Clermont, in Argonne, 
a few leagiie.«i from St. Menehould, where these indurated marls 
crop out from beneath the gault, 1 have seen them, on decomposing, 
leave the surface of every ploughed field literally strewed over with 
this fossil oyster. The Trigonelliies lotus {Aptychm^ of some au- 


thors) (fig. 388.) is also wddely dispersed through Fig.ssa. 
this clay. The real nature of the shell, of which 
there are many species in oolitic rocks, is still a 
matter of conjecture. Some are of opinion that the 
two plates formed the gizzard of a cephalopod ; for 
the living Nautilus has a gizzard with horny folds, 
and the Bulla is well known to possess one formed KiXnwndgtdi^f* 
of calcareous plates. 

The celebrated lithographic stone of Solenhofen, in Bavaria, be- 
longs to one of the upper divisions of the oolite, and affords a re- 
markable example of the variety of fossils which may be preserved 
under favourable circumstances, and what delicate impressions of 
the tender parts of certain animals and 


])lants may be retained where the sediment 
is of extreme fineness. Although the num- 
1)er of testacea in this slate is small, and the 
plants few, and those all marine, Count 
^liinster had determined no less than 237 
species of fossils when I saw his collection 
in 1833 ; and among them no less than 
seven species of flying lizards or pterodac- 
tyls (see fig. 389.), six saurians, three tor- 
toises, sixty species of fish, forty-six of 
Crustacea, and twenty -six of insects. These 
insects, among which is a libellula, or dra- 


Fig. 389. 



pon-fly, must have been blown out to sea, 

probably from the same land to which the ^ ^ crmMtinuru, 

j, . j Oolite of Papprnheim, near Solen- 

liying lizards, and other contemporaneous i»>feii. 

reptiles, resorted. 

In the same slate of Solenhofen a fine example was met with in 
1 862 of the skeleton of a bird almost entire, with the exception of 
the head, and retaining even its feathers. This valuable specimen 
is now in the British Museum, and has been called by Professor 
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Owen Archaopteryx maerura. According to his interpretation, it 
is a true bird, and not intermediate, as* was at first imagined, between 
a bird and reptile. It was about the size of a rook. It difiers re- 
markably from all known birds in having two free claws belonging 
to the wing, and in the structure of its tail ; for in almost all living 
representatives of the class Aves, the tail feathers are attached to a 
coccygian bone, consisting of several vertebrie united together, 
whereas in the Archaeopteryx the tail is composed of twenty verte- 
brae, each of which supports a pair of quill feathers so perfect that 
the vanes as well as the shaft are preserved. The first five only of 
the vertebrae as seen in A. have transverse processes, the fifteen re- 
maining ones become gradually longer and more tapering. The 
feathers diverge outward from them at an angle of 45® ; but this 
departure from the true ornithic type occurs, says Professor Owen, 
in that part of the skeleton which is most subject to variation. 


Fig. 390. 



Tall of Arehatnpteryx matrura, Owen, and Feather of A. IMogrnpAia, Meyer, from the 
slate of Solenhofen; and tail of living bird fur comparison. 

A. Series of caudal vertebrse (with impressions of the tail-feathers preserved in situ) of Ar» 

ch^opUrya macrura^ Owen. | iiat. size. Drawn from the specimen in the British 
Museum (ventral aspect). 

B. Two of the caudal vertebrse, iiat. size, showing their shape and the absence of transverse 

processes. 

C. Single feather, called Archter^teryx lithographica by Von Meyer. Natural size. 

This feather, upon which the genus was eHtablithed in 18G), was discovered at Solen- 
hofen. See ** Jahrbuch fiir Mineralogie,** INCl, n. S^il. 

D. Tail of recent vniture, iGyftt Bt^gaienaix), %\\oy»\n% the points of attachment for the 

principal tail-feathers (dorsal view, | nat.sizc:). 

B. Profile of caudal vertebrae of same, to show the broad terminal Joint, or ** ploughshare'* 
bone,/, of the tail, the same as that seen foreshortened at/D, so largely developed in 
nearly all living birds. | nat. size. • 

N.B — The figures 1 to 6 indicate the correspondence between the vertebrs In the two 
views D and E. 

/E and/D indicate the position of the terminal joint. 

The doited lines E, e, e, show the direction of the quill feathers of the tall when 
seen in profile. 

The ploughsharebone can be elevated at pleasure (as seen at/ K), to meet the extended 
bealr1>f the bird when seeking the coccfgian oil-gland (which is placed upon this terminal 
Joint) to lubricate its feathers while preening. Only the '* primaries*' or great tall 
feathers are represented In fig. D ; the bases of these and the rest of the vertebrse are 
clothed in sycondary feathers and down. 
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Thus there are short and long-tailed species of bats, rodents, and 
ptcrodactyles, with great variation In the number of their caudal 
vertebra) ; he also observes that although in living birds a 
sliort bony tail, and generally accompanied by a coalescence of the 
terminal vertebrae to form the ploughshare bone / E., is a constant 
character, yet all birds in their embryonic state exhibit the vertebrae 
distinct and separate, so that the tail of the Archaeopteryx exhibits 
a retention of structure which is embryonal and transitory in the 
modern representatives of the class, and consequently a closer 
adhesion to the general vertebrate type.” In the young ostrich 
from eighteen to twenty caudal vertebras may be counted, seven or 
eight of which are annexed to the sacrum, while two or three are 
welded together to form the slender terminal bone, which in this and 
other running birds {cursores) is not ploughshare-shaped. 

It has been already stated that no species of British fossil, whether 
of the vertebrata or invertebrate, are common to the Oolite and 
Chalk, or, to speak more strictly, are common to the marine beds of 
these two groups which stand nearest to each other, namely, the 
Portland limestone and the Atherheld beds ; but while there is 
tills great break in an upward direction, there is no similar dis- 
cordance as we proceed downwards, and pass from one to another 
of the several members of the Jurassic group, the Upper, Middle, 
and Lower Oolite, and the Lias. Thus, for example, I find on 
consulting Mr. Etheridge’s tables of British Fossils *, that of sixty 
species of all classes that lived in the period of the Kimmeridge 
clay, twenty, or about 33 per cent., pass down into the Coral Rag ; or, 
if we confine our attention exclusively to the mollusca, of thirty- 
three species in the Kimmeridge clay eight, or 24 per cent, are 
common to the Coral Rag. 

MIDDLE OOLITE. 

Coral Bag , — One of the limestones of the Middle Oolite has been 
called the “ Coral Rag,” because it consists, in part, of continuous 
beds of petrified corals, for the most part retaining the position in 
which they grew at the bottom of the sea. In their forms they more 
frequently resemble the reef-building poliparia of the Pacific than 
do the corals of any other member of the Oolite. They belong 
cliiefly to the genera Thecct^mUia (fig. 391.), Protoserisy and Tham- 
nastraa^ and sometimes form masses of coral 1 o feet thick. In the 
annexed figure of a Thamnastre^a (fig. 392.), from this formation, it 
will be seen that the cup-shaped cavities are deepest on the right- 
hand side, and that they grow more and more shallow, until those 
on the left side are nearly filled op. The last-mentioned stars are 
su])poscd to represent a perfected condition, and the others an imma- 
ture state. Those coralline strata extend through the calcareous 
hills of the N.W. of Berkshire, and north of Wilts, and again 

* Compiled for a work entitled, Stratigraphical Arrangement of British 
Fossils,*’ now preparing for publication by Mr. Etheridge. 
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recur in Yorkshire, near ScoAorough. The 0»trea gregarea (fig. 
393.) is very characteristic of the formation in England and on tho 
Continent. 

Fig. 391. 



Thecottnilia annularis^ Milnt* Fdw. and J. llaime. Thamnastrara. 

Coral rag, Steeple Asntuu. Coral rag, Steeple Ailiton. 

One of tlie limestones of the Jura, referred to the ago of tho 
English coral-rag, has been called “ Nerina?an limestone ” (Calcaire 
a Nerineea) by M. Thirria ; NerincBn being an extinct genus of 
univalve shells, much resembling the Cerithium in external form. 
The annexed section (fig. 394.) shows the curious form of tho 
hollow part of each whorl, and also the perforation which passes 
up the middle of the columella. iV. Goodkallii (fig. 395.) is 
another English species of the same genus, from a formation which 



Otirra Rre^arM, Nerintea hierogtyphfea, Nerin^a Goodhatlif, Vwton, 

Coral Tiig, Sce«ple Album. Coral rag. Coral rag, Weymouth. | nat. ilie. 

seems to form a passage from the Kimmeridgo clay to the coral 
rag.* 

A division of the oolite in the Alps, regarded hy most geoloirist.s 
as coeval with the English coral rag, has lieen often named ** Cal- 
caire h 'Dicerates,*’ or ** Diceras limestone,*’ from its containing 

* Fitton, Oeol. Trans., Second Series, vol iv. PL 23. flg. 12. 
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abundantly 

Chama. 


a bivalve shell (see fig. 396.) of a genus allied to tlie 


Fig. m. 


Fig. 896. 





Cast of Diceras arietma. 
Coral rag, Fruicm, 


Cidarii eoranata. 
Coral rag. 


Oxford Clay . — The coralline limestone, or “coral rag,” above 
(le:«cribed, and the accompanying sandy bed.s, called “calcareous 
grits,” of the Middle Oolite, rest on a thick bed of clay, called the 
“ Oxford clay,” sometimes not less than 300 feet thick, "in this 
there are no corals, but great abundance of cephalopoda, of the 
genera Ammoui|^ and Belemnite. (See figs. 398, 399.) In some of 


Fig. 398. 


BUcmmtes haitalut, Oxford cla>. 

the finely laminated clays ammonites are very perfect, although 
somewhat compressed, and are frequently found with the lateral 
lobe expanded on each side of the opening of the mouth into a single 
horn-like projection (see tig. 399.). These were discovered in the 
cuttings of the Great Western Railway, near Chipi^enhani, in 1841, 
and have been described by Mr. Pratt {^An. Nat. Nov. 1841). 


Fig. 399. 



Amm^ n'te§ {Jnstm. RolnorKc. 8yn. A. Pratt.) 

Oxford clay, ClirUitxa Malford, W ilt^hiro. 
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Fig. 400. 



Similar elongated processes have been 
also obseryed to extend from the shells of 
some belcmnites discovered by Dr. Maiitell, in 
the same clay (see fig. 400.), who, by the aid 
of this and other specimens, has been able to 
throw much light on the structure of this and 
other singular extinct forms of cuttle-fish.* 
Kelloway rocA.-— The arenaceous limestone 
which passes under this name is generally 
grouped as a member of the Oxford clay, in 
which it forms, in the south-west of England, 
lenticular masses, 8 or 10 feet thick, con- 
taining at Kelloway, in Wiltshire, numerous 
casts of ammonites and other shells. But in 
Yorkshire this calcareo-arenaceous formation 
thickens to about 30 feet, and constitutes the 
lower part of the ^Middle Oolite, extending 
inland from Scarborough in a southerly 
direction. The number of mollusca which it 
contains is, accoeding to Etheridge, 10(>, 
of which only twenty-three, or 22^ per cent., 
are common to the Oxford clay proper. Of 
the twenty Cephalopoda, eight (namely, one 
of the Sepia family, six species of ammonite, 
and the Ancyloceras Calloviense) are common 
to the Oxford Clay, giving a proportion of 
40 per cent. 

If, on the other hand, we compare the 
fossils of all kinds in the Kelloway rock, 
amounting to 151 species, with the fossils of 
the underlying Lower Oolite, wo find that 
seventy-four pass down into the older rocks, 
or about 49 per cent. ; or if we confine our 
attention to the mollusca alone of the Kello- 
way considered as the base of the Middle 
Oolite, and compare them with those of 


Selemnites Puxo$ianut, 
B. Ottrwi, Pierce. 
Oxford Clav, Christian 
Malford. 

0, a, projecting processes 
of the shell or 


phragmocone. 
bfC, broken exteririr of a 
conical shell called 
the 
which 
within, or compfised 
of a series of shallow 
concave cells plerci d 
by a siphuncle. 
c, d. 'I he guard or osselet, 
which is commonly 
called the belemnite. 


phragmocorie. 
is chambered 


the Cornbrash, or the top member of- the 
Lower Oolite, we find 106 species in the 
Kelloway, and 123 in the Cornbrash, and 
twenty-two species common to the two, 
implying a community of 21 per cent, be- 
tween the two formations. 

LOWER OOLITE. 

Cornbrash and Forest Marble . — The 
upper division of this series, which is more 


extensive than the preceding or Middle Oolite, is called in P^ngland 


* See PhiL Tram. 1850, p. 393.; also Huxley, Memoirs of Geol. Survey, 1864. 
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the Cornbrash. It consists of clays and calcareous sandstones, 
which pass downwards into the Forest Marble, an argillaceous lime- 
stone, abounding in marine fossils. In some places, as at Bradford, 
this limestone is replaced by a mass of clay. The sandstones of 
the Forest Marble of Wiltshire are often ripple-marked and filled 
with fragments of broken shells and pieces of drift-wood, having 
evidently been formed on a coast. Rippled slabs of fissile oolite are 
used for roofing, and have been traced over a broad band of country 
from Bradford in WiltSi to Tetbury in Gloucestershire. These 
calcareous tile-|tone8 are separated from each other by thin seams of 
clay, which have been deposited upon them, and have taken their 
form, preserving the undulating ridges and furrows of the sand in 
such complete integrity, that the impressions of small footsteps, 
apparently of crustaceans, which walked over the soil wet sands, are 
still visible. In the same stone the claws of crabs, fragments of 
echini, and other signs of a neighbouring beach, are observed.* 
Great Oolite . — ^Although the name of coral-rag has been appro- 
priated, as we have seen, to a member of the Upper Oolite before 
described, some portions of the Lower Oolite are equally entitled in 
many places to be called coralline limestones. Thus the Great Oolite 
near Bath contains various corals, among which the Eunomia radiata 
(fig. 401.) is very conspicuous, single individuals forming masses 


Fig. 401. 



Eunomia radiata^ Lamourouz. {CalamopkyUia. Milne £dw. 

a. ifction iraasverfe to the tubes. e 

h. TCTtics&l section, showing the radiation of the tubes. 

c. portion of interior of tubes magniSed, showing striated surface. 

several feet in diameter ; and having probably required, like the 
large existing brain-coral (dfea;tcfrtiia) of the tropics, many centuries 
before their growth was completed. 

Different species of criiioids, or stone-lilies, are also common in 
the same rocks with corals ; and, like tliem, must have enjoyed a 
firm bottom, where their root, or base of attachment, remained un- 
disturbed for years (c, fig. 402.). Such fossils, therefore, are almost 
confined to the Hmestones ; but an exception occurs at Bradford, 
near Bath, where they are enveloped in clay. In this case, however, 
it appears that the solid upper surface of the “ Great Oolite ” had 
supported, for a time, a thick submarine forest of these beautiful 

* P. Scrope, GeoL Proceed., March IdSl. 
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soojdtjteft, until tiie (dear and atill water was invaded by a oarrent 
charged with mnd, whi<sh threw down the stone*lilie8, and broke 

Fig. 403. 



ApioerhUtei rt^uAdus, or Pear Encrinlte; Miller. Foull at Bradford^ Wilts. 

a. stem of Apioerinitet, and one of the articulations, natural site. 

b. sertioD at Bradford of Great Oolite and overlying cl a v, containingthc fossil encrinites. See text. 

c. three perfect individuals ot ApiocrintUSt represented as they grew on the surface of the Great 

Oolite. 

d. body of the ApiocrinileM rotundtu. 

most of their stems short off near the point of attachment. The 
stumps still remain in their original position; but the numerous 
articulations, once composing the stem, arms, and body of the 
cncrinite, were scattered at random through the argillaceous deposit 
in which some now lie prostrate. These appearances are represented 
in the section 6, fig. 402., where the darker strata represent the 
Bradford clay, which some geologists class with the Forest marble, 
others with the Great Oolite. The upper surface of the calcareous 
stone below is completely encrusted over with a continuous pavement, 
formed by the stony roots dt attachments of the Cri noidea ; and 
besides this evidence of the length of time they had lived on the 
spot, we find great numbers of single joints, or circular plates of the 


Fig. 403. 



0 . single plate or articulation of an Encrinlte overgrown with serpukt and bryozoa. Natural 
size. Bradford clay. 

0. portion of the same magnified, showing the bryoxoan Diattopora dt7«tffafi0 covering one of 
the *erpuUBm 

stem and body of the encrinite, covered over with serpulte. Now 
these serpul(B could only have begun to grow after the death of some 
ot the stone-lilies, parts of whose skeletons had been strewed over 
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the floor of the ocean before the irruption of argillaceous mud. In 
some instances we And that, after the parasitic ierpulm were full 
grown, they had become incrusted over with a bryozoan, called Dia- 
stopora diluviana; and many generations of these molluscoids had 
succeeded each other in the pure water before they became fossil. 

We may, therefore, perceive distinctly that, as the pines and cyca- 
deous plants of the ancient dirt-bed/’ or fossil forest, of the Lower 
Purbeck were killed by submergence under fresh water, and soon 
buried beneath muddy sediment, so an invasion of argillaceou> 
matter put a sudden stop to the growth of the Bradford Encrinites?, 
and led to their preservation in marine strata.* 

Such differences in the fossils as distinguish the calcareous and 
argillaceous deposits from each other, would be described by natu- 
ralists as arising out of a difference in the stations of species ; but 
besides these, there are variations in the fossils of the higher, middle, 
and lower part of the oolitic series, which must be ascribed to that 
great law of change in organic life by which distinct assemblages of 
specie's have been adapted, at successive geological periods, to the 
varying conditions of the habitable surface. In a single district it is 
difficult to decide how far the limitation of species to certain minor 
formations lias been due to the local influence of stations^ or how far 
it has been caused by time or the creative and destroying law above 
alluded to. But we recognize the reality of the last-mentioned influ- 
itncCj when wo contrast the whole oolitic series of England witli that 
of parts of the J ura, Alps, and other distant regions, where there is 
scarcely any lithological resemblance ; and yet some of the same 
fossils remain peculiar in each country to the Upper, Middle, and 
Lower Oolite formations respectively. Mr. Thurmann has shown 
liow remarkably this fact liolds true in the Bernese Jura, although 
the argillaceous divisions, so conspicuous in England, are feebly re^ 
presented there, and some entirely wanting. 

The Bradford clay, above alluded to, is sometimes 60 feet thick, 
hut in many places it is wanting ; and in others, where there are 
no limestones, it cannot easily be separated from the clays of the 
overlying “ forest marble ” and underlying “fuller’s earth.” 

The calcareous portion of the Great Oolite consists of several 
shelly limestones, one of which, called the Bath Oolite, is much cele- 
brated as a building-stone. In parts of Gloucestershire, especially 
near Minchinhampton, the Great Oolite, says Mr, Lycett, “ must have 
been deposited in a shallow sea, where strong currents prevailed, for 
there arc frequent changes in the mineral character of the deposit, 
and some beds exhibit false strntifleation. In others, heaps of broken 
shells are mingled with pebbles of rocks foreign to the neighbour- 
hood, and with fragments of abraded madrepores, dicotyledonous 
wood, and crabs’ claws. The shelly strata, also, have occasionally 
suflered denudation, and the removed portions have been replaced by 

* For a fuller account of these Encrinites, see Bucklaiid's Bridgewater Tre.i- 
tise, vol. i. p. 429. 
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cJay.” ♦ In such shallow-water beds shells of the genera Patella^ 
JSierita^ Pimula, and Cylindrites are common (see figs. 406. to 409.); 


Fig. 405. 


Fig. 404. 




Fig. 40#). 


Terehratnta di"ona* 
Kat. ItraUl'oril clay. 


Purpuroidea nodulata. \ nat. sire, Cylindritcs anitus. Sow. 
Great Oulite, Minchinhuinptait. *Syi). Jcftrun acutus. 

Gro.it Oolite. 
Miiichiiihaiiipton. 


Fig. 409. 



Patella rugosa^ Sow. 
Great Oolite. 


Kertta eostu/ata, Desh. Rimula ( Emarginula') 

Great Oolite. clathratay Sow. Great Oolite. 


while cephalopoda aro rare, and, instead of ammonites and belein- 
nites, numerous genera of carnivorous trachelipods appear. Out of 
142 species of univalves obtained from the Minchinhampton beds, 
Mr. Lycett found no less than 41 to be carnivorous. They belong 
principally to the genera Bucemum, Pleurotoma^ liostellaria, Mvrex, 
Purpuroidea (fig. 40o.), and Fusus, and exhibit a proportion of 
zoophagous species not very different from that which obtains in 
warm seas of the Recent period. These zoological results are 
curious and unexpected, since it was imagined that we might look 
in vain for the carnivorous trachelipods in rocks of such high anti- 
(juity as the Great Oolite, and it was a received doctrine that they 
#lid not begin to appear in considerable numbers till the Eocene 
period, when those two great families of cephalopoda, the ammonites 
and beleinnites, had become extinct. 

Stonesjicid slate, — The slate of Stonesficld has been shown by 
Mr. Lonsdale to lie at the base of the Great Oolite.*]’ It is a slightly 
oolitic shelly limestone, forming large lenticular masses embedded in 
sand, only 6 feet thick, but very rich in organic remains. It con- 
tains some pebbles of a rock very similar to itself, and which may 
be portions of the deposit, broken up on' a shore at low water or 
during storms, and redeposited. The remains of belemnites, tri- 
goniae, and other marine shells, with fragments of wood, are common, 
and impressions of ferns, cycadeas, and other plants. Several insects, 

^ * Lycett, Gcol. Jonm., vol. iv. p. 183. 

t Proceedings Ged. Soc., vol. L p. 414. 
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also, and, among the rest, the wing-covers of beetles, are FiR. 4 io. 
perfectly preserved (see fig. 410.), some of them approach- 
ing nearly to the genus Bupreslis.* The remains, also, of 
many genera of reptiles, such as ^eiosawy Crocodile, and 
Pterodactyl, have been discovered in the same limestone. 

But the remarkable fossils for which the Stonesfield 
slate is most celebrated are those referred to the mam- 
miferous class. The student should be reminded that in 
all tlie rocks described in the preceding chapters as older 
than the Eocene, no bones of any land-quadruped, or of Buprr^isl 
any cetacean, had been discovered until the Spalacothe- stonesfield. 
rinm of tlie Purbeck beds came to light in 1854 (see above, p. 379.). 
Yet we have seen that terrestrial plants were not rare in the lower 
cretaceous formation, and that in the Wealden there was evidence of 
freshwater sediment on a large scale, containing various plants, and 
evtm ancient vegetable soils. We had also in the same Wealden 
many land-reptiles and winged insects, which render the absence of 
terrestrial quadrupeds the more striking. The want, however, of 
any bones of whales, seals, dolphins, and other aquatic mammalia, 
whether in the chalk or in the upper or middle oolite, is certainly 
si ill more remarkable. Formerly, indeed, a bone from the Great 
Golitc of Enstone, near Woodstock, in Oxfordshire, was cited, on the 
authority of Cuvier, as referable to this class. Dr. Buckland, who 
stated this in his Bridgewater Treatise f, had the kindness to send 
me the supposed ulna of a whale, that Prof. Owen might examine 
into its claims to be considered as cetacean. It is the opinion of 
that eminent comparative anatomist that it cannot have belonged to 
the cetacea, because the fore-arm in these marine mammalia is in- 
variably much flatter, and devoid of all muscular depressions and 
1 idges, one of which is so prominent in the middle of this bone, 
represented in the annexed cut (lig. 411.). In saurians, on the con- 



Done of a Reptile, formerly supposed to be the ulna of a Cot icoan \ from the G: eat Oolite 
of Enstone, near Woodstock. j 

trnry, such ridges exist for the attachment of muscles ; and to some 
animal of that class the bone is probably referable. 

* See Buckland’s Bridgewater Trca- belong to Prionus. 
tisc ; and Brodie’s Fossil Insects, where t Vol. i. p. 115. 
it is suggested that these elytra may 
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These observations are made to prepare the reader to appreciate 
more justly the interest felt by every geologist in the discovery in 
the Stonesfield slate of no less than ten specimens of lower jaws of 
mammiferous quadrupeds, belonging to four different s})ecies and to 
three distinct genera, for which the names of Amphitherium^ Phasco^ 
lotherium^ and Stereognalhus^ have been adopted. When Cuvier was 
first shown one of these fossils in 1818 (namely, the Amphitherhtm), 
he pronounced it to belong to a small ferine mammal, with a jaw 
much resembling that of an opossum, but differing from all known 
ferine genera in the great iimnbcr of the molar teeth, of which it 
had at least ten in a row. Since that period a much more jicrf^ct 
specimen of the same fossil, obtained by Dr. Buckhind (see iig. 412.), 
has been examined by Professor Owen, who finds that the jaw eon- 
tained on the Avhole twelve molar feetli, Avith the so«'ket of a .^inall 
canine, and three siutall incisors, which are in situ, altogi‘tlier ainouiil- 
iiig to sixteen teeth on each side of the loAver jaAv. 

Tlie only question Avhieh could he raised rospeeting the nature of 
tlieso fossils was, whether they belonged to a maminifer, a reptili*, nr 
a fish. Now on this head the osteologist observes that each of the half 
jaws in question is composed of but one single piece, and not of two 
or more separate bones, as in fishes and most re|)tiles, or of two bones 
united by a suture, as in some fcAv species belonging to those classes. 


Fig. 412 



The condyle, moreover {h, fig. 412.), or 
articular suiface, hy which the loAverjaAv 
unites with the upper, is convex in the 
Stonesfield specimens, and not concave as 
in fishes and reptiles. The coronoid pro- 
cess («, fig. 41 2.) is well dcA'eloped, Avliercas 
it is wanting, or very small, in the inferior classes of vertebrata. 
Lastly, the molar teeth in the .Amphitherium and Phascolotherium 
have complicated crowns and two roots (see df, fig*. 412.), instead of 
being simple and with single fangs.^ 


Fig. 413. 



Amphtthermm JirorlenpU, Owen. 
Natural size. StuiiChfielU SJate. 


* I have given a figure in the Prin- Prevostii^ in which the sockets and roots 
riples oMjrcology, chap, ix., of another of the teeth are finely exposed. 
Stonesfield specimen of Ampkitherium 



Ch. XX.] MAMMALIA OF 8TONE8FIELD OOLITE. 405 

The only question, therefore, which could fairly admit of contro- 
versy was limited to this point, whether the fossil mammalia found 
ill the Lower Oolite of Oxfordshire ought to be referred to the mar- 
supial quadrupeds, or to the ordinary placental series. Cuvier had 
loii" a<^o pointed out a peculiarity in the form of the angular process 
(c, figs. 417. aud 418.) of the Idwer jaw, as a character of the genus 


Fig. 414. 







Fig. 415. Fig. 41C. 



Part of lower jaw of Tupafa Tana ; 
twice natural hize. 

Fig. 415. Kncl view seen from behind, showing 
the ver\ slight inHeetioii of the angle ai c. 
Fig. 41G.‘Sidu view of same. 


Tupata Tana. 

Right ramui of iower jaw. 
Natural «ize. 

A recent insectivoneu placental 
inaromaly from Sumatra. 


Fig. 117. Fig. 41‘<. 



Part of lower jaw of Ditielphys Azane; 
recent, Brazil. Natural size. 

Fig. 417. Knd view seen from behind, showing 
the inflection of the angle of the jaw, c, d. 
Fig. 418. Side view of same. 


ITulelphys ; and Professor Owen has since confirmed the doctrine of 
its generality in the entire marsu]>ial series. In all these pouched 
(luadrupeds this process is turned inwards, as at c c/, fig. 417. in the 
lirazilian opossum, whereas in the placental series, as at c, figs. 415. 
and 41(>., there is an almost entire absence of such inflection. The 
Titpala Tana of Sumatra has been selected by niy friend Mr. Water- 
liousc for this illustration, because the jaws of that small insectivo- 
rous quadru|)ed l)i*ar a great resemblance to those of the Stonesfield 
Amphithv.riani, By clearing away the matrix from the specimen of 
Aniphitherium Prevostii above represented (fig. 412.), Professor Owen 
ascertained that the singular process (c) bent inwards in a slighter 
degree than in any of the known marsupialia ; in short, the inflection 
does not exceed that of the mole or hedgehog. This fact made him 
doubt whether the Amphit/icriiim might not be an insectivorous 
placental, although it olfered some points of approximation in its 
osteology to the marsupials, especially to the ISIyrmecohiiis^ a small 
insectivorous quadruped of Australia, which has nine molars on each 
side of the lower ^aw, besides a canine and three incisors.* 

Another species of Amphitherium has been found at Stonesfield 
(fig. 413. p. 404.), which differs from the former (fig. 412.) princi- 
pally in being larger. 


A figure of this recent Mynnecohius will be found in the Principles, chap. ix. 
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The second mammiferous ^enus discovered in the same slates was 
named originally by Mr. Broderip Videlphys Bucklandi (see fig. 

Fig. 419. 


Pkascolothenum Buchiandi, Broderip. sp. 
a. natural size. b. molar of lame, magnified. 

419.), and has since been called Phascolothcrimn by Owen. It mani- 
fests a much stronger likeness to the marsupials in the general form 
of ihe jaw, and in the extent and position of its inlicc tod angle, whil<' 
tlie agreement with the living genus Didelp/ti/s in the number of tin* 
pre-molar and molar teeth is complete.* 

In 18o4 the remains of another mammifer, small in size, but 
larger than any of those previously known, was annouiiecd by Mr. 
Charlosworth to the British Association as having been obtained 
many years before from the Stoncsficid slate by the Kev. J. V. 
Dennis. This fossil, to 'svhieh the generic name of Stercognatlitts 
was given, consisted, as is usually the case in these old rocks (sec* 
above, p. 383.), of part of a louver jaw, in which were implanted 
three double-fangcd teeth, differing in structure from those ol‘ all 
other known recent or extinct mammals. Acciording to Brofc»ssor 
Owen, the molar of J^liolophus^ a small extinct herbivorous genus of 
the London clay, makes the nearest approach to it. Thcj form and 
structure of the teeth iu Stereognnthus seemed to im])ly that this 
quadrujied poss(*ssed a higher organization than any other secondary 
mammal yet discovered, but the doubts entertained respecting its 
true affinities afford a somewhat disappointing illustration of the 
limited extent to which Cuvier’s law of correlation or tlic co- 
existence of animal .-structures is available in paleontology. Given 
u lowc'r jawbone with three perfect molar teeth, having two or 
more fangs each implanted in separate sockets, to find the rest of 
the organization, or at least to determine the family and sub-class to 
which tlic animal bedonged — such being the problem, Professor Owen 
tells us that he believes that Stereognathus was hoofed, herbivorous, 
and placental, but he adds, that for anything that physiological 
science can prove to tljc contrary, it may have been unguiculate, 
insectivorous, and marsupial ! f 

Professor Owen has remarked that, as the marsupial genera, to 
which the Phaacolofherinm is most nearly allied, are now confined 
to New South Wales and Van Diemen’s Land, so also is it in the 
Australian seas that we find the Cestracion^ a cartilaginous fish 
which has a bony palate, allied to those called Acrodus (see fig. 453. 
p. 419.) and Sfrophodusy so common in the Oolite and Lias, lii the 

^ ♦ OwTTi’s British Fo.ssil Mammals, p. 62. 

t Owen’s Paleontology, second ed., p. 348. 







same Australian scab , also, near the shore, we find the Jirwtr 

a ffcnuH of molltiHCH HO fniWCfltJu j„.,i II U nf 

;i,,,e. So. uf«o, t(i« AruunvriHu jAn.-H hv., 


the Oolitic period (see fig. 421.). Endogens of the perfect 

structure Jirc met with in oolitic rocks, as, for example, the Podo- 
carjfa of Auckland, a fruit allied to the Pandanus, fouud in the 
Inferior Oolite (see fig. 420.). 


Fig. 421 . 



Cone fsmW jlraucaria, Infprior Onllto, Brutoi;, 
Si}mers(‘t»hire. | diarn. of on^in.il 
In the collection of the Britibh Muaeum. 

The Stoncsficld slate, in its range from Oxfordshire to the north- 
cast, is represented by fiaggy and fissile sandstones, as at Collyweston 
in Northamptonshire, where, according to the researches of ]Messi>. 
Ibbetson and Morris *, it contains many shells, such as Trigonia 
auguUitu^ also found at Stonesfield. But the Northamptonshire 
strata of this age assume a more marine character, or appear at least 
to have be(*u formed iarther from land. They enclose, however, 
some fossil ferns, such W'- Pecopteris poltfpodioides^ of species common 
to the oolites of the Yorkshire coast, where rocks of this age put on 
all the aspect of a true coal-field ; thin seams of coal having .actually 
been worked in them for more than a century. 

In the nprth-west of Yorkshire, the formation alluded to consists 
of an upper and a lower carbonaceous shale, abounding in impressions 
of plants, divided by a limestone considered by many geologists as 
the representative of the Great Oolite ; but the scarcity of marine 
fossils makes all comparisons with the subdivisions adopted in the 
south extremely difiicult. A rich harvest of fossil ferns has been 
obtained from the upper carbonaceous shsilcs and sandstones at 
Gristliorpe, near Scarborough (see figs. 384, 38o.). The lower 
shales are tvcll exposed in the sea-cliffs .at Whitby, and are chiefly 

* Ibbctson and Morris, llcport of Brit. Ass., 1847, p. 131.; and Morris, 
Gcol. Juurii., ix. p. 334. 
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characterized by ferns and cycadeas. They contain, also, a species 
of calamitc, and a fossil called Efjnisetum columnare, whicli main- 
tains an upright position in sandstone strata over a wide area. 
Shells of Estheria and Unio, collected by Mr. Bean from these 


Fig. 423. 



Picrophyllum cornptum. Sj’n. Cycadites compiut. 
Upper Sand>tune and Shale, Gristhorpe, near Scarborough. 


Fig. 423. 



Ilemiteiitei Brotrnn^ (ioopp. 

Syn. FhUbaptt yjs coHttgua^ Liini. iV llutt. 

Upper Carbonaceous strat.*!, Lovrer Oolite, GrihCliorpe, Yorkshire. 

Yorkshire coal-bearing beds, point to the estuary or fluviatile origin 
<if the deposit. 

At Brora, in Sutherlandshire, a coal formation, probably coeval 
with the above, or belonging to some of the lower divisions of the 
Oolitic jieriod, has been mined extensively for a century or rnon*. 
It aifords the thickest stratum of pure vegetable matter hitherto 
detected in any secondary rock in England. One seam of coal of 
good quality lias been worked 3^ feet thick, and there are several 
feet more of pyritous coal resting upon it. 

Fullers Earth {hy Tab., p. 376.). — Between 
the Great and Inferior Oolite, near Bath, an 
argillaceous deposit, called the fuller's eartli,” 
occurs ; but it is wanting in the North of Eng- 
land. It abounds in the small oyster represented 
in fig. 424. The number of mollusca known in 
this deposit is only 22, viz. 17 lamellibranchiato 
bivalves, 4 Brachiopods, and 1 Cephalopod 
{Belemnites giganteus')^ 


Fig. 424. 



Ostrea acuminata. 
Fuller's Earth. 
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Inferior Oolite. — This formation consists of a calcareous freestone, 
usually of sinall thickness, which sometimes rests uj)on, or is re- 
placed by, yellow sands, called the sands of the Inferior Oolite. 
These last, in their turn, repose upon the lias in the south and west 
of England. Among the characteristic shells of the Inferior Oolite, 
I may instance Terebralula Jimbria{fiQ. 425.), Rhynchonclla spinosa 
(fig. 426.), and Pholadomya fidicula (fig. 427.). The extinct genus 


Fig. 42.0. Fig. 426. Fig. 427. 



Tcrchratuln flmhria. Jihynchonelln spmosa. a. Pholadomya fidicula. | n.i:. rizp. Inf. Ool. 
Iiiferjor Oolite. Iiiferiur Oolite. b. ileart-ciiaped auterior terininatiun ot the 

satne. 


ig. 428. Fig. rfiJ. Tig. 430. 



Plt'urofowann granulata. Pleurotomarta ornatOt Sow. Sp. Ci'I/yntrs rtngens. 

FcrrugiiUMis Oolite. XornMiidy. Inferior Oulue. laf. Ool., Suiiiersctkhire. 

liileriur Oolite, Eiigl.md. 

Pleurotomaria is also a form very common in this division as well 
as in the Oolitic system generally. It resembles the Trochus in 
form, but is marked by a deep cleft («, fig. 428. and 429.) on one 


Fig. 431. 



Ammonite* Humphresianus, Sow. 
Infenor Oolite. 


side of the month. The Collyrites ringens (fig. 430.) is an Echi- 
iiodcrm common to the Inferior Oolite of England and France, 
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Hs are the two Anunonites of whicli representations arc here given 
(.figs. 431, 432.). 


Fig. 432. 



Ammonites liratkenridgfi, Sow. 
Oolito. St .irboroiigh 
Inf. Ool., Dumlry; Calvados j &c. 


Fig. 43'<. 



Ostrea yfarshii. | nat. size. 
Middle and Lower Oolite, or r.inging 
from Coral Bay to Ct)rnbrasli. 


PnItBontological relatioits of the Oolitic strata , — Observations liavc 
nlreaily been made, p. 343., on the distinctness of tlie organic re niiii ns 
of the Oolitic and Cretaceous strata, find, at pp. 39.1. and 398., of 
the ]iroportion of species common to the Upper am\ ^lidille, and to 
the Middle and Lower Oolite. Between the latter and the Lias then* 
is a somewhat greater break, for out of l!20 inollusca of the Upper Lia>, 
13 species only pass up into the Inferior Oolite. Prof(*.ssor Ram.*^ay 
has called our attention to an important generalization not, yet 
alluded to, namely, that there tire at present widi'r breaks between 
some of our minor subdivisions, and especially between tlu3 Inferior 
and the Great Oolite, paleontologically considered, than between 
what we generally regard as divisions of a higher order, such as the 
Lower, Middle, and Upper Oolites. Thus, for example, there an*, 
according to ^Ir. Etheridge’s tables?, »118 species of inollusca known 
in the Groat Oolite and 370 in the Inferior, and of these only 93, or 
about 12 piir cent., are common to the two; and, what is very re- 
markable, of 39 species of Cephalopoda known in ili<^ Inferior Oolite, 
only one pas.^es upwards into the Great Oolite, namely, BehnwiUs 
giffnnteiis^ and it has been <iuestioned by some paleontologists whe- 
ther even tliis Belemnite has really been found in the Up|>er of tin* 
two formations. This distinctne.ss of the Cephalopoda is the more 
striking, because both the Great and Inferior Oolites are calcareous 
formations, and Ave cannot, therefore, account for the dillerence 
of species by any marked dissimilarity in the nature of the sea- 
bottom. As to the intervening Fuller’s Earth, it aflbrds us but little 
information in regard to tlie condition of marine life, luiving yielded 
at present only 22 inollusca, as before mentioned (p. 408.). 

While, therefore, the break between two great members of tin; 
Lower Oolite is expressed by saying that the proportion of species in 
common only amounts to 12 per cent., we have seen that there is a 
connection of 24 per cent, between the Upper and Middle, and 21 per 
cent, betAveen the Middle and Lower Oolite ; in other Avords, tliere 
is twice as great a connection between our larger divisions as be- 
tween two separate members of one of them. 


IVom the Lower to thcljpper OoVile, namely, Hliynclmella ohsoUla, 

Lithodomus inclnsus, Pholadomya ovalis, and Trigonia elongata. 


Fig. 434 . 



Of all the Jurassic Ammonites of Great 
Britain, A. Macrocephalus, Schloth, which is 
common to the Great Oolite and Oxford Clay, 
lias the widest range. 

Tliat most of the sudden changes of species 
were due to migration, may be inferred, as 
Prof, liarnsay remarks, from the fact that, after 
disappearing from an intermediate formation, 
tliey often reappear in a higher one. But the 
plienomena, on the whole, indicate a constant 
<lying out of pre-existing .species and a coming 
in of new ones. We have every reason to con- 
clude that the gaps which occur, both between the larger and 
smaller sections of the English Oolite.s, imply intervals of time, 
elsewhere represented by fossiliferous strata, although no deposit 
nniy have taken place in the British area. This conclusion i^ 
warranted by tlie partial extent of many of the minor and some of 
the larger divisions even in England. “ Tlius, the Inferior Oolite,” say- 
Prof. Kamsay, “ attains its maximum development near Cheltenham, 
wliere it can be subdivided into at least three parts. Passing north, 
the two lower divisions, each more or less characterized by its own 
fossils, disappear, and the rag-stone, north-east of Cheltenham, lies 
directly upon the Lias, apiiarently as conformably as if it formed 
its true and immediate successor. In Dorsetshire, on the coast, the 
series is again perfect, though thin. Near Chipping Norton, in 
OxfoiaLhire, the Inferior Oolite disappears altogether, and the 
(jlreat Oolite, having first overlapped the Fuller’s Earth, passes 
across the Inferior Oolite, and in its turn seems to lie on the Upper 
Lias witli a regularity as perfect as if no formation anywhere in the 
neighbourhood came between them. In Yorkshire the changed type 
of the Inferior Oolite, the prevalence of sands, land-plants, and beds 
of coal, leave no doubt of the presence of terrestrial surfaces on 
which the ])lants grew, and all these phenomena lead to the 
conclusion that various and considerable oscillations of level took 
place in the British area during the deposition of the strata, both 
of the Inferior Oolite and of the formations that immediately 
succeed it.” * 

Mr. Howell has pointed out that in Bedfordshire the Cornbrash 
and Kelloway rock are sometimes both absent, and the Oxford clay 
rests conformably on the Groat Oolite, showing, like the examples 
before cited, that conformity is no proof of direct sequence, and 
aiding us more and more to conceive that the changes in the organic 


* Geol. Quart. Journ., vol. xx. p. C6. 1864. 
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world may in re^nlity have been gradual and uninterrupted, althougli 
the fragmentary character of the records liaiidod down to us might 
lead us to infer, unless we were constantly on our guard against 
being deceived, that there had been many general and sudden 
oreaks in tlie recording process, and abrupt transitions from one set 
of organic types to another. 
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CHAPTER XXI. 

JURASSIC GROUP — Continued, lias. 

Mineral character of Litis — Numerous successive Zones in the Lias, marked by 
di>tinct fossils, without unconformity in the stratification, or change in the 
mineral character of the tleposits — Name of Gryphitc limestone — Fossil shells 
and fish — Kndiata — Ichthyodonilitcs - -Reptiles of the Lias — Ichthyosaur and 
Plesiosaur — Marine Reptile of the Galapagos Islands — Sudden destruction and 
burial of fossil animals in Lias — Fiuvio-marine beds in Gloucestershire, and 
insect limestone — Fossil plants — ^Origin of the Oolite and Lias, and of alter- 
nating calcareous and argillaceous formations. 

Zl/. 9. — The English provincial name of Lias has been very generally 
adopted for a formation of argillaceous limestone, marl, and clay, 
which forms the base of the Oolite, and is classed by many geolo- 
gists as part of that group. They pass, indeed, into each other in 
some places, as near Rath, a sandy marl called the marlstone of the 
Lias being interposed, and partaking of the mineral characters of 
the lias and the inferior oolite. These last-mentioned divisions 
liavo also some fossils in common, such as the Aviculn intcrjuivalris 
(fig. 4J3o.). Nevertheless the Lias may be traced throughout a great 


Fig. 436. 



part of Europe as a separate and independent group, of consider- 
able thickness, varying from 500 to 1000 feet, containing many 
peculiar fossils^ and having a very uniform lithological aspect. 
Although usually conformable to the oolite, it is sometimes, as 
in the Jura, uncon form able. In the environs of Lons-le-Saulnior, 
for instance, in the Department of Jura, the strata of Lias are 
inclined at an angle of about 45°, while the incumbent oolitic marls 
are horizontal. 
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The peculiar aspect which is most characteristic of the Lins in 
England, France, and Germany, is an alternation of thin beds of 
blue or grey limestone, having a surface which becomes light-brown 
when weathered, these beds being separated by dark-coloured, narrow 
argillaceous partings, so that the quarries of this rock, at a distance, 
assume a striped and riband-like appearance.* 

The Lins has been divided in England into three formations, the 
Upper, Middle, and Lower. The Upper Lias consists first of sands, 
which were formerly regarded as the base of the Oolite, but which, 
according to Dr. Wright, are by their fossils more properly refer- 
able to the Lias ; secondly, of clay shale and thin ])cds of limestone. 
The ^liddle Lias, or inarlstone series, has been divide<l into three 
zones ; and the Lower Lias, according to the labours of Quenstedt, 
Oppel, Strickland, Wriglit, and others into six zones, eacdi marked 
by its own group of fossils. This Lower Lias averages from bOO 
to 900 feet in thickness. 

From Devon and Dorsetshire to Yorkshire all these divisions, 
observes Frofessor Kaiii say, are constant; and from bottom to top 
we cannot assert that anywhere there is actual unconfonniry 
between any two subdivisions, whether of the larger or smaller 
kind. In the whole of the English Lias, there are about 
genera, and 467 known speeies.f The whole series has been divided 
by zones characterized by particular ammonites ; for while other 
families of shells pass from one division to another in numhers 
varying from about 20 to oO per cent., these cephalopods are almost 
always limited to single zones, as Quenstedt and Oppel have shown 
for Germany, and Dr. Wright for England. J 

As no actual unconformity is known from the bottom of the 
Lower to the top of the Upper Lias, and as there is a marked 
uniformity in the mineral character of almost all the strata, it is 
somewhat <lifficult to account even for such partial breaks as havti 
been alluded to in the succession of s[)ecies, if we r(*j(*ct the hy- 
])oth(‘sis that the old species were in each case destroyed at tlie close 
of the deposition of the rocks containing them, and replaced by the 
creation of new forms when tlic succeeding formation began. I 
agree w-itli Professor Ramsay in not accepting tliis hypothesis. No 
doubt some of the old species occasionally died out, and left no 
representatives in Europe or elsewhere ; others were locally 
exterminated in the struggle for life by species, which invaded 
their ancient domain, or hy varieties better fitted for a new state of 
things. Pauses also of vast duration may have occurred in the 
deposition of strata, allowing time for the modification of organic 
life throughout the globe, slowly brought about by variation as well 
as by extinction. 

In some parts of France, near tlie Vosges Mountains, and in 
Luxembourg, M. E. de Beaumont has shown that the lias contain- 

♦ Conyb. and Phil., p. 261 . 

t Kamfiav, Gcol. Quart. Journ., vol. xx. p. 50. 1864. 

J Dr. Wright, ibid., vol. xvi. p. 10. 1859. 
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inj? Grypheea nrcuata^ Plagiostoma giganteum (see iig. 437.), and 
otiior characteriHtic fo.s»ils becomes arenaceous ; and around the 
Hartz, in Westphalia and Bavaria, the inferior parts of the lias are 
sandy, and soinctimos afford a building-stone. 

The name of Gryphite limestone has sometimes been applied to 
the lias, in consequence of the great number of shells which it 
contains of a species of oyster, or Grgphma (fig. 438., see also fig. 
387. p- 393.). A large heavy shell called Hippopodium (fig. 439.;, 


Fit?. 4.17. 



Fig. 43'*. 



Gi tififiiea incurprt, S *w. 
(G. arcuuta. Liin ) 
Lias. 


PIngwstoma ( Liinn) gijianttUfn, Sow. 
lilt*. Uol. and Lias. 


allied to Ct/pricardia, is also characteristic of the lower lias shales. 
The Lias formation is also remarkable for being the newest of the 
secondary rocks in which brachiopoda of the genera Spirifer and 


Fitr. 440, 



Hippopodium pondrrosum. Sow. 
i diain. Lias. Cheltenham. 


Leptmna (figs. 440, 441.) occur : no less than nine species of Spi- 
rifers are enumerated by Mr. Davidson as belonging to the Lias. 
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These palliobranchiate mollusca predominate greatly in strata older 
than the Trias ; but, so far as wo yet know, tliey did not survive 
the Liassic epoch. The marine beds of the Lias also abound in 
cephalopoda of the genera Belcnmites, Nautilus^ and Ammonites 
(see ligs. 442. 443, 444.). 

Among the Crinoids or Stone-lilies of the Lias, the Ptmtacrinites 


FiR. 443. 


Fip. U’2. 




Xauiilus truncatus. Lias. 


Ammonites Xodofiantts ' 
A. 6lruifm*is, Sow. 
Li.ib. 


Fig. 444. 



Atnmontfrs fujron^. llruf 
A. It’ii/i'ufii, Sow 

r Li.is shales 


are conspicuous. (See fig. 449.) Of Op/iioderma Egertoni (fig. 
loO.j, referable to the Ophiuridm of IMiiller, perfect s})ecimcns have 
been met with in the Middle Lias beds of Dorset and Yorkshire. 


Fig. 445. 




Fig. 41G. 


Ammonites striatuluSt Sow. Ammonttes margarilatus^ Montf. Syn. A. Stokesiit Sow. 

J nat. «ize. Upper Lias. Middle Lias. 
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Allusion has already been made, p. 414., to numerous zones in 
the Lias characterized by distinct Ammonites. Two of these occur 
near the base of the Lower Lias, having a united thickness, varying 
from 40. to 80 feet. The upper and larger of these is characterized, 
especially in the south-west of England, by Ammonites Bucklandi, 
and the lower by Ammonites Planorbis (see figs. 447, 448.),^ 


Fig. 447. Fig. 448. 



• Ammonites Bucklnndi^ Sow. 

„ btsntcaiuSf Brug. 

~ diam. of original. 

n. side view. 

ft front view, showing mouth and bi«ii1rated keel. 
Characteristic of tlie lower part of the Lias of 
England and the ('ontiiiciit. 


A. Planorbis, Sow. 

I di^m. of original. 

From the base of the Lower Lias of 
England and the Continent. 


These two shells have a wide range on the Continent of Europe, 
[)ccurriug in beds which occupy similar positions in the Liassic 
series. 

Fig. 450. 




Extracrinus Briareus=Pentacrintts 
Briareus. ^ nat. «ize. 

(Body, arms, and part of stem.) 
Lias, Lyme Regis. 


Ophioderma Egertoni, E. Forbes. 
Middle Lias, Seatown, Dorset. 


Ihe Extracrinus Briareus (removed by Major Austin from Pen^ 

* Quart. Jonra.yvol. xvi. p. 376 . 

£ £ 
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tacrinus on account of generic differences) occurs in tangled masses, 
forming thin beds of considerable extent, in the Lower Lias of 
Dorset, Gloucestershire, and Yorkshire. The remains are often 
Highly charged with pyrites. This Crinoid, with its innumerable 
tentacular arms, appears to have been frequently attached to the 
driftwood of the liassic sea, in the same manner as Barnacles float 
about at the present day. There is another species of Extracrinm 
and several of Pentaerhms in the lias ; and the latter genus is found 
ill nearly all the formations from the lias to the Loudon clay inclu- 
sive. It is represented in the present seas by the delicate and ran? 
Peiitacrinus Caput-medusfP of the Antilles, which, with Comatuhi, 
are the only surviving members of the great and ancient family of 
tlie Crinoids, so widely represented throughout the older formations 
by the genera Taxocrmus, AcimovrinuSy Ct/aihocrinus, EncrinuSy 
ApiocrinuSy and many others. 

The fossil fish resemble geuerically those of the oolite, belonging 
all, according to M. Agassiz, to extinct genera, and diifering fo^^the 
most part from the ichthyolites of the Cretaceous period. Among 
them is a species of Lepidotus {L, fjigaSy Agass.), fig. 451., which is 


a Fig. 451. 



Scales of Lepidotus gigns^ Agass. 
a. two of the scales, detached. 

found in the lias of England, France, and Germany.* This genus 
was before mentioned (p. 347.) as occurring in the Wealden, and is 
supposed to have frequenttMl both rivers and coasts. Another genus 
of Ganoids (or fish with hard, shining, and enamelled scale.s), 
called jEchmodus (see fig. 452.), is almost exclusively Liassic. The 

Fig. 4.V2. 



Agassiz, Poissons Fossilcs, vol. ii. tab. 28, 29. 
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teeth of a species of Acrodut, also, are very abundant in the lias 
(fig. 453.). 



Acrodut nobility Agasg. (tooth) ; commonly called ** fosgil leech.*’ 
Lias, Lyme ItegU and Germany. 


But the remains of fish which have excited more attention than 
any others are those large bony spines called ichthyodorulites 
(a, fig. 454.), which were once supposed by some naturalists to be 


Fig. A'-.A. h 



Iltfbodns rrticulaiu9, Agass. Lias, Lyme Regis. 
a. part ot tin, commonly called Ichchyodorulite. b. tooth. 


jaws, and by others weapons, resembling those of the living Balistes 
and Silurvs ; but which M. Agassiz has shown to be neither the one 
nor the other. The spines, in the genera last mentioned, articulate 
with the backbone, whereas there arc no signs of any such articu- 
lation in the ichthyodorulites. These last appear to have been bony 
spinos which formed the anterior part of the dor.sal fin, like that of 
the living genera Cestracion and ChinKera (see «, fig. 455.). In 


Fig. 455. 



Chimtvra mons/rosa * 

a. spine forming anterior part of the dorsal fin. 


both of these gervera, the posterior concave face is armed with small 
spines, as in that of the fossil Ilybodus (fig. 454.), a placoid fish of 
the shark family found fossil at Lyme Regis, Such spines are simply 
embedded in the fiesh, and attached to strong muscles. “ Tliey 

♦ Agassiz, Toissons Fossilcs, vol. iii., tab. C- fig. 1. 
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serve,” says Dr. Buckland, ‘‘ as in the ChimtBra (fig, 455.), to raise 
and depress the fin, their action resembling that of a moveable mast, 
raising and lowering backwards the sail of a barge.” * 

Reptiles of the Lias^lt is not, however, the fossil fish which 
form the most striking feature in the organic remains of the Lias ; 
but the Enaliosaurian reptiles, which are extraordinary for their 
number, size, and structure. Among the most singular of these are 



several species of Ichthyosaurus and Plesiosaurus (figs. 456, 457.)- 
The genus IchthyosauruSy or fish-lizard, is not confined to this for- 


Brldgewater Treatise, p. 290, 
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mation, but has been found in strata as high as the white chalk of 
England, and as low as the trias of Germany, a formation which 
immediately succeeds the lias in the descending order.* It is 
evident from their fish -like vertebrae, their paddles, resembling 
those of a porpoise or whale, the length of their tail, and other parts 
of their structure, that the habits of the Ichthyosaurs were aquatic. 
Their jaws and teeth show that they were carnivorous ; and the half- 
digested remains of fishes and reptiles, found within their skeletons, 
indicate the precise nature of their food.f 

A specimen of the hinder fin or paddle of Ichthyosaurus communis 
was discovered in 1840 at Barrow-on-Soar, by Sir P. Egerton, which 
distinctly exhibits on its posterior margin the remains of cartila- 
ginous rays that bifurcate as they approach the edge, like those in 
the fin of a fish. (See ^/, fig. 458.) It had previously been supposed. 


Fig. 458. 



Posterior p.art of hind fin or paddle of Ichthyosaurus communis. 


says Prof. Owen, that the locomotive organs of the Ichthyosaurus 
were enveloped, while living, in a smooth integument, like that of 
the turtle and porpoise, which has no other support than is afforded 
by the bones and ligaments within ; but it now appears that the fin 
was much larger, expanding far beyond its osseous framework, and 
deviating widely in its fish-like rays from the ordinary reptilian type. 
In fig. 458. the posterior bones, or digital ossicles of the paddle, are 
seen near h\ and beyond these is the dark carbonized integument 
of the terminal half of the fin, the outline of which is beautifully 
defined. t IVof. Owen believes that, besides the fore-paddles, these 
short- and stiff-necked saurians were furnished with a tail-fin with- 
out radiating bones, and purely tegumentary, expanding in a vertical 
direction ; an organ of motion which enabled them to turn their 
heads rapidly. § 

Mr. Conybeare.was enabled, in 1824, after examining many skele- 
tons nearly perfect, to give an ideal restoration of the osteology of 
this genus, and of that of the Plesiosaurus.^ (See figs. 456, 457.) 

* Bridgewater Treatise, p. 168. vol. vi. p. 199. pi. xx. 

t Ibid., p. 187. § Ibid., Second Series, vol. v. p. 511. 

i Geol.Soc. Transact., Second Scries, y Ibid., Second Series, vol. i. p. 49. 
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The latter animal had an extremely long neck and small head, with 
teeth like those of the crocodile, and paddles analogous to those of 
the Ichthyosaurus^ but larger. It is supposed to have lived iu shal- 
low seas and estuaries, and to have breathed air like' the Ichthyo- 
saur and our modern cetacea.* Some of the reptiles above men- 
tioned were of formidable dimensions. One specimen of Ichthyo- 
saurus platyodojiy from the lias at Lyme, now in the British Mu- 
seum, must have belonged to an animal more than 24 feet in length; 
and there are species of Plesiosaurus which measure from 18 to 20 
feet in length. The form of the Ichthyosaurus may have fitted it 
to cut through the waves like the porpoise ; but it is supposed that 
the Plesiosaurus^ at least the long-necked species (fig. do?.)? was 
better suited to lish iu shallow creeks and bays defended from heavy 
breakers. 

Tn many specimens both of Ichthyosaur and Plesiosaur the bones 
of the head, neck, and tail are in their natural position, while tliose 
of the rest of the skeleton are detached and in contusion. Mr. 
Stutchbury has suggested that their bodies after death became in- 
flated with gases, and while the abdominal viscera were decoin- 
])osing, the bones, though disunited, were retained within the tough 
dermal covering as in a bag, until the whole, becoming water-logged, 
sank to the bottom.*)* As they belonged to individuals of all ages 
they are supposed, by Dr. Buckland, to have experienced a violent 
death ; and the same conclusion miglit also be drawn from their 
having escaped the attacks of their own predaceous race, or of lishes 
found fossil in the same beds. 

For the last twenty years, anatomists have agreed that these ex- 
tinct saurians must have inhabited the sea : and it was urged that 
as there are now chelonians, like the tortoise, living in fresh water, 
and others, as the turtle, frequenting the ocean, so there may have 
been formerly some saurians proper to salt, others to freshwater. 
The common crocodile of the Ganges is well knoAvn to frequent 
equally that river and the brackish and salt water near its mouth ; 
and crocodiles are said in like manner to be abundant both in the 
rivers of the Isla de Pinos (or Isle of Pines), south of Cuba, and in 
the open sea round the coast. More recently a saurian has been 
discovered of aquatic habits and exclusively marine. This creature 
was found in the Galapagos Islands, during the visit of II. M. S. 
“ Beagle ” to that archipelago, in 1835, and its liabits were then 
observed by Mr. Darwin. The islands alluded to are situated under 
the equator, nearly 600 miles to the westward of the coast of South 
America. They are volcanic ; some of them being 3000 or 4000 
feet high ; and one of them, Albemarle Island, 75 miles long. The 
climate is mild; very little rain falls ; and, in the whole archipelago 
there is only one rill of fresh water that reaches the coast. The 
soil is for the most part dry and harsh, and the vegetation scanty. 

* Conybeare and De la Bechc., Geol. Buckland, Bridgew. Treat, p. 203. 
Trans., First Series, voL v. p. 559. $ and f Quart. Geol. Jouru., vol. ii. p. 411. 
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Tlie birds, reptiles, plants, and insects are, with very few exceptions, 
of species found nowhere else in the world, although all partake, in 
their general form, of a South American type. Of the mammalia, 
says Mr. Darwin, one species alone appears to ho indigenous!, 
namely, a large and peculiar kind of mouse; but the number of 
lizards, tortoises, and snakes is so great, that it may be called aland 
of reptiles. The variety, indeed, of species is small ; but the indi- 
viduals of each are in wonderful abundance. There is a turth*, a 
large tortoise i^Testudo Indicus), four lizards, and about the sanio 
number of snakes, but no frogs or toads. Two of the lizards belong 
to the family LjuauidcB of Jlell, .and to a peculiar genus {Ambhj- 
rhyiichiis) established by that naturalist, and so named from their 
obtusely truncated head and short snout.* Of these lizards one is 
terrestrial in its habits, and burrows in the ground, swarming 
everywhere on the land, having a round tail, and a mouth sonm- 
what resembling in form that of the tortoise. Tlie other is aquatic, 
and has its tail flattened laterally for swimming (see fig. 4o9. ). 


Fig. 4*19. 



Amhlyrhynchus cn^tatus, Ui‘U LfiiKtli varying from .3 to 4 feet. The only existing 
marine lizard now known. 

a. to.'ith, natural size and magnified. 


“ This marine saurian,” says Mr. Darwin, “ is extremely common 
on all the islands throughout the Archipelago. It lives exclusively 
on the rocky sea-be.achos, and I never saw one even ten yards in- 
shore. The usual length is about a yard, but there are sonic even 
4 feet long. It is of a dirty black colour, sluggish in its move- 
ments on the land ; but, when in the water, it swims with per- 
fect case and quickness by a serpentine movement of its body and 
flattened tail, the legs during this time being motionless, and 
closely collapsed on its sides. Their limbs and strong claws are 
admirably adapted for crawling over the rugged and fissured masses 
of lava which everywhere form the coast. In such situations, a 
group of six or .seven of these hideous reptiles may oftentimes bo 
seen on the blaclv rocks, a few feet above the surf, basking in 
the sun, with outstretched legs. Their stomachs, on being opened, 
were found to be largely distended with minced sea-weed, of a 
kind which grows at the bottom of the sea at some little distance 


* ambfySf blunt ; snout. 
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from the coast. To obtain this the lizards go out to sea in slioals. 
One of these animals was sunk in salt water from the ship, with 
a heavy weight attached to it, and on being drawn up again after 
an hour it was quite active and unharmed. It is not yet known by 
the inhabitants where this animal lays its eggs ; a singular fact, 
considering its abundance, and that the natives are well acquainted 
with the eggs of the terrestrial AmblyrhynchtiSy which is also herbi- 
vorous.” * 

In those deposits now forming by the sediment washed away 
from the wasting shores of the Galapagos Tslands, the remains of 
saurians, both of the land and sea, as well as of chelonians and fish, 
may be mingled with marine shells, without any bones of land 
quadrupeds or batracliian reptiles ; yet even here we should ex- 
pect the remains of marine maminalia to be embedded in the new 
strata, for there are seals, besides several kinds of cetacea, on the 
Galapagian shores ; and, in this respect, the parallel between the 
modern fauna, above described, and the ancient one of the lias 
would not hold good. 

Sudden destruction of Saurians , — It has been remarked, and 
truly, that many of the tish and saurians, found fossil in the lias, 
must have met with sudden death and immediate burial ; and that 
the destructive operation, whatever may have been its nature, was 
often repeated. 

“ Sometimes,” says Dr. Buckland, “ scarcely a single bone or 
scale has been removed from the place it occupied during life ; wliicli 
could not have ha]>pened had the uncovered bodies of the.'se sau- 
rians been left, even for a few hours, exposed to putrefaction, and 
to the attacks of fishes and other smaller animals at the bottom 
of the sea.”f Not only are the skeletons of the Ichthyosaurs 
entire, but sometimes the contents of their stomachs still remain 
between their ribs, as before remarked, so that we can discover the 
particular species of fish on which they lived, and the form of tlieir 
excrements. Not unfrcciuently there are layers of these eoprolites, 
at different depths in the lias, at a distance from any entire skeletons 
of the marine lizards from which they were derived ; “ as if,” says 
Sir II. de la Beche, “ the muddy bottom of the sea received small 
sudden accessions of matter from time to time, covering up the 
eoprolites and other exuvise which had accumulated during the 
intervals.’’^ It is further stated that, at Lyme Kegis, those surfaces 
only of the eoprolites which lay uppermost at the bottom of the 
sea have suffered partial decay, from tlie action of water before 
they were covered and protected by the muddy sediment that has 
afterwards permanently enveloped tliem.§ 

Numerous specimens of the Calamary or pen-and-ink fish (6rco- 
teulhis BollensiSy Schuble sp.) have also been met with in the lias 
at Lyme, with the ink-bags still distended, containing the ink in a 

jf 

* Darwin's Journal, chap. xix. 

t Bridgew. Treat., p. 125. 


i Geological Researches, p. 334. 

§ Buckland, Bridgew. Treat., p. 307. 
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dried state, chiefly composed of carbon, and but slightly impreg- 
nated with carbonate of lime. These cephalopoda, therefore, must, 
like the saurians, have been soon buried in sediment ; for, if long 
exposed after death, the membrane containing the ink would have 
decayed.* 

As we know that river-fish are sometimes stifled, even in their 
own element, by muddy water during floods, it cannot be doubted 
that the periodical discharge of large bodies of turbid fresh water 
into the sea may be still more fatal to marine tribes. In the 
“ Principles of Geology ” I have shown that large quantities of mud 
and drowned animals have been swept down into the sea by 
rivers during earthquakes, as in Java in 1699 ; and that inde- 
vscribable multitudes of dead fishes have been seen floating on tlie 
sea after a discharge of noxious vapours during similar convulsions.f 
But in the intervals between such catastrophes, strata may have 
accumulated slowly in the sea of the lias, some being formed 
chiefly of one description of shell, such as ammonites, others of 
gryphites. 

From the above remarks the reader will infer that the lias is for 
the most part a marine deposit. Some members, however, of the 
series, especially in the lowest part of it, have an estuary character, 
and must have been formed within the influence of rivers. In 
Gloucestershire, where the lias of the West of England is well 
developed, it is divisible into an upper mass of sand and shale with 
a base of inarlstone, and a lower series of shales with underlying 
limestones and shales. We learn from the researches of the Rev. 
P. B. Brodie J, that in the inferior of these two divisions numerous 
remains of insects and plants have been detected in several places, 
mingled with marine shells. One band, rarely exceeding a foot in 
thickness, has been named the “ insect limestone.” It passes up- 
wards into a shale containing Cypris and Estheria^ and is charged 
with the wing-cases of several genera of coleoptera, and with some 
nearly entire beetles, of which the 
eyes arc preserved. The nervures of 
tlie wings of iicuroptcrous insects (fig. 

460.) are beautifully perfect in this 
bed. Ferns, with eycads and leaves 
of monocotyledonous plants, and some 
apparently brackish and freshwater 
shells, accompany the insects in se- **• 

veral places, while in others marine shells predominate, the fos- 
sils varying apj>arently as we examine the bed nearer or farther 
from the ancient land, or the source whence the freshwater w'as 
derived. There; arc two, or even three, bands of “ insect limestone ” 
in several sections, and they have been ascertained by Mr. Brodie 
to retain the same lithological and zoological characters when 

* Biickland, Bridgew. Treat., p. 307. % A History of Fossil Insects, &c., 

t Sec Principles, Index, Lanccrote, • 1S46. London. 

Graham Island, Calabria. 


Fig. 4ri0. 
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traced from the centre of Warwickshire to the borders of the southern 
])art of Wales. After studying 300 specimens of these insects 
from the lias, Mr. Westwood declares that they comprise both 
wood-eating and herb-devouring beetles, of the Liimenn genera 
Elater^ Carabits, &c., besides grasshop])ers {Grt/llns), and detached 
wings of dragon-flies and mayflies, or insects referable to the Lin- 
nean genera Lihellida^Ephe merits Ilemerobins^ and Panorpa^ in all 
bcdonging to no less than twenty-four families. The size of the 
species is usually small, and such as taken alone would im])ly a 
temperate climate ; but many of the associated organic remains of 
otlier classes must lead to a different conclusion. 

Fossil plants. — Among the vegetable remains of the Lias, several 
species of Zamia have been found at Lyme 
Regis, and the remains of coniferous plants 
at Whitby. Fragments of wood are coin- 
inon, and often converted into limestone. 
That some of this wood, though now pe- 
trilied, was boft when it lirst lay at the 
bottom of the sea, is shown by a specimen 
now in the museum of the Geological Society (see fig. 461.), which 
has the form of an ammonite indented on its surface. 

M. Ad. Brongiiiart enumerates 47 lias.-ic aerogens, most of them 
ferns; and dO gym nos perms, of wdiicli 39 are <*yeads, and 11 coni- 
fers. Among the eycads tlie predomiiianee of Zamites, and among 
tlie ferns the numerous genera with leaves having reticulated veins 
(as in fig. 423. p. 408.), are mentioned as botanical characteristics of 
this era,* The absence as yet from the Lias and ()olit(* of all signs 
of dicotyledonous angiospenns is worthy of notice. The leav(*s of 
such plants are freipient in tertiary strata, and ocicnr in the Cre- 
taceous, though less plentifully (see above, p. 333.). The angio- 
sperms seem, therefore, to have been at the least comparatively rare 
in these older secondary periods, when more space was occupied by 
the Cyeads and Conifers. 

Origin of the Oolite and Lias, — If we now’” endeavour to restore, 
in imagination, the anci(‘nt condition of the European area at llie 
period of the Oolite and Lia.s, we must conceive a sea in wliich (he 
growth of coral-reefs and shelly limestones, after ])roceeding witliout 
interruption for ages, was liable to be stopped suddenly by the d(‘po- 
sition of clayey sediment. Then, again, the argillaceous matter, de- 
void of corals, was depo.sited for ages, and attained a thickness of 
hundreds of feet, until another period arrived when the same space 
was again occupied by calcareous sand, or solid rocks of shell and 
coral, to be again succeeded by the recurrence of another period of 
argillaceous deposition. Mr. Conybeare has remarki^d of the entire 
group of Oolite and Lias, that it (ionsists of repeated alterations of 
clay, sandstone, and limestone, following each other in the same 
order. Thus the clays of the lias are followed by the sands of the 


l-'ig. 4GI. 



^ Tableau des Vcg. Foss., 1849, p. 105. 
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inferior oolite, and these again by shelly and coralline limestone 
(Bath oolite, &c.); so, in the middle oolite, the Oxford clay is fol- 
lowed by calcareous grit and coral rag ; lastly, in the upper oolite, 
the Kirnmeridge clay is followed by the Portland sand and lime- 
stone.* The clay beds, however, as Sir H. De la Beche remarks, can 
be Ibllowed over larger areas than the sands or saiidstones.f It should 
also be remembered that while the oolitic system becomes arenaceous 
iind resembles a coal-lield in Yorkshire, it assumes in the Alps an 
almost purely calcareous form, the sands and clays being omitted; 
and even in the intervening tracts it is more complicated and variable 
than appears in ordinary descriptions. Nevertheless, some of the 
<*lays and intervening limestones do retain, in reality, a jjretty uni- 
form character for distances of from 400 to 600 miles from ea»l to 
west and north to south. 

According to M. Thirria, the entire oolitic group in the Depart- 
ment of the Haute Sadne, in France, may be equal in thickness to 
that of England ; but the importance of the argillaceous divisions is 
in the inverse ratio to that which they exhibit in England, where 
they arc about equal to twice the thickness of the limestones, 
whereas, in the part of France alluded to, they reach only about a 
third of that thickness.J In the Jura the clays are still thinner, and 
in the Alps they tbin out and almost vanish. 

In order to account for such a succession of events, we may ima- 
gine. first, the bed of the ocean to be the receptacle for ages of fine 
argillaceous sediment, l)roiiglit by oceanic currents, which may have 
communicated with rivers, or with part of the sea near a waiting 
coast. This mud ceases, at length, to be conveyed to the same region, 
either because the land which had ])reviously suffered denudation 
is depressed and submerged, or because the current is deflected in 
another direction by the altered shape of the bed of the ocean and 
neighbouring dry land. By such changes the water becomes once 
more clear and fit for the growth of stony zoophytes. Calcareous 
sand is then formed from comminuted shell and coral, or, in some 
cas(‘s, arenaceous matter replaces the clay ; because it commonly 
happens that the finer sediment, being first drifted farthest from 
coasts, is subsequently overspread by coarse sand, after the sea has 
grown shallower, or Avhen the land increasing in extent, whethe^r by 
upheaval or by sediment lilliiig up parts of the sea, has approached 
nearer to the spots first occuj)ied by tine mud. 

In order to account for another great formation, like the Oxford 
clay, again covering one of coral limestone, we must suppose a sink- 
ing down like that which is now taking place in some existing 
regions of coral between Australia and South America. The oc- 
currence of subsideuces, on so vast a scale, may have caused the 
bed of tlie ocean and the adjoining land, throughout great parts of 
the European area, to assume a shape favourable to the deposition of 

i Burafs D'Aubuisson, tom. ii. p. 
456. 


* Con. ami Phil., p. 1 6G. 

■f Geul. Researches, p. 337. 
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another set of clayey strata ; and this change may have been suc- 
ceeded by a series of events analogous to that already explained, and 
these again by a third series in similar order. Both the ascending 
and descending movements may have been extremely slow, like those 
now going on in the Pacific ; and the growth of every stratum of 
coral, a few feet of thickness, may have required centuries for its 
completion, during which certain species of organic beings disap- 
peared from the earth, and others were introduced in their place ; so 
that, in each set of strata, from the Lias to the Upper Oolite, some 
peculiar and characteristic fossils were embedded. 
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CHAPTER XXIL 

TRIAS OR NEW RED SANDSTONE GROUP. 

Distinction between New and Old Red Sandstone — Between Upper and Lower 
New lied — The Trias and its three divisions — Most largely developed in Ger- 
many — Recognition of a Marine equivalent of the Upper Trias in the Austrian 
Alps — True position of the St. Cassian and Hallstadt Beds — 800 new species 
of triassic Mollusea and Radiata — Links thus supplied for connecting the 
Palaeozoic and Neozoic faunas— Kcuper and its fossils — Muschclkalk and fossils 
— Fossil plants of theBuntcr — Triassic group in England — Bone-bed of Axmouth 
and Aust— Red Sandstone of Warwickshire and Cheshire —Footsteps of Chei- 
rotherium in England and Germany — Osteology of the Labi/rinthodon — Whether 
this Batrachian was identical with Cheirothcrium — Dolomitic Conglomerate 
of Bristol — Origin of Red Sandstone and Rock-salt — Hypothesis of saline 
volcanic exhalations — Theory of the precipitation of salt from inland lakes or 
lagoons — Saltncss of the Red Sea — Triassic coal-field of Eastern Virginia, near 
Richmond — New Red Sandstone in the United States— Fossil footprints of birds 
and reptiles in the valley of the Connecticut — Antiquity of the Red Sandstone 
containing them — Triassic mammifer of North Carolina. 

Between the Lias and the Coal (or Carboniferous group) there is 
interposed, in the midland and western counties of England, a great 
series of red loams, shales, and sandstones, to which the name of the 
“ New Red Stindstone formation ” was first given, to distinguish it 
from other shales and sandstones called the “Old Red” (c, fig. 462.), 
often identical in mineral character, which lie immediately beneath 
the coal (h). 


Fig. 462. 



c Old Red Sandstone. 6. Coal. a. New Red &indstone. 


The name of “ Red Marl ” has been incorrectly applied to the red 
clays of this formation, as before explained (p. 13.), for they are 
remarkably free from calcareous matter. The absence, indeed, of 
carbonate of lime, as well as the scarcity of organic remains, together 
with the bright /ed colour of most of the rocks of this group, causes 
a strong contrast between it and the Jurassic formations before de- 
scribed. 

Before the distinctness of the fossil remains characterizing the 
upper and lower part of the English New Red had been clearly 
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recognized, it was found convenient to have a common name for 
all the strata intermediate in position between the Lias and Coal ; 
and the term “ Poikilitic ” was proposed by Messrs. Conybearc and 
Buckland*, from rroiKtXoc, poikilos, variegated^ some of the most 
characteristic strata of this group having been called variegated by 
Werner, from their exhibiting spots and streaks of liglit-blue, green, 
and butf colour, in a red base. 

A single term, thus comprehending both Upper and Lower New 
Red, or the Triassic and Permian groups of modern classifications, 
may still be useful in describing districts where we have to speak 
of masses of red sandstone and shale, referable, in jiart, to both 
these eras, but which, in the absence of fossils, it is impossible to 
divide. 

Trias or Upper Neiv Red Sandstone Group. — As the group of 
strata now to be considered is more fully developed in Germany than 
in England or France, it will be well to consider in the lirst plae.t? 
the manner in which it presents itself in that country. It has been 
called the Trias by German writers, or the Triple (iron]), because 
it is separable into three distinct formations, called the “ Keuper/’ 
the “ Muschelkalk,” and the “ Bunter-sandstein.” 



N03IEXCLATURE OF 

Trias. 

German. 

French. 

English. 

Keuper 

- Marncs irisecs 

^ Saliferous and gypsoons 
’ i shales and sandstone. 

^Muschelkalk - 

r Muschelkalk, ou 
' b coquillicr 

calcaire 1 • -r- i i 

_ j- wanting in England. 

Bunter-sandstciu 

- Gros bigarru 

f Sandstone and quart/- 
” i ose conglomerate. 


Upper Trias, or Keuper. — It has been already stated, p. 414., that 
near th(j base of the Lower Lias are certain zones of strata, distin- 
guished by the abundance of peculiar species of ammonite, in one of 
which A. Bucklandi, Jind in another still lower A. Planorhis 
abound. In North-western Germany, as in England, beneath thesi* 
ammonitiferous zones, there occurs a remarkable bone brc<*cia, a 
marine formation, the shells of which are distinct from those of tin* 
Li.Ms, It is filled with the remains of fishes and reptiles, almost all 
the genera of which, and some even of the species, agree with those 
of the subjacent Trias. This breccia has accordingly been con- 
sidered by Professor (iuenstedt and other German geologists of high 
authority, as the newest or uppermost part of the Trias. Professor 
Plieniiiger found in it, in 1847. the mohir tooth of a small Triassic 
Mammifer, called by him Microlestes aTiti(|uus. He inferred its 
true nature from its double fangs, and from the form and number 
of the protuberances or cusps on the flat crown; and considering it 
as predaceous, probably insectivorous, he called it Microlestes, from 
pikpor, little, and XritTrfjc, a beast of prey. Soon afterwards he found 

^ * Buckland, Bridg. Treat., vol. ii. p. 38. 
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a second tooth, also at the same locality, Diegerloch, about two miles 
to the south-east of Stuttgart. Some of its cusps are broken, but 

Fig. 463. 



Mtcrolestcs anhquus^ Plipninger. Molar tooth, magnified. Upper Trias, 
J>iegerlr>ch, near Stuttgart, Wurtemberg. 
a. view of inner side? b. same, outer side ? 

c. same In profile. d. crown of same. 


Fig. 464. 


Fijr. 40">. 



a 




Microtestes antiquw^ Plien. 

View of same mol.ir as No. 4t»3. From a drawing by 
Hermann Von Meyer. 
a. view of irnier side ? h. crown of same. 
c. crown of the same, magnified. 



Molar of Mtcrolcttes f Plien. 

4 times as large as the lis;. 
463. From the Trias of Die- 
gerloch, Stuttgart. 


there seem to have been six of them originall3^ From its agree- 
ment ill general characters, it was supposed by Professor Plieninger 
to belong to the same animal, but as it is four times as big, it may 
perhaps liave been the tooth of another allied species. This mohir 
is attached to the matrix consisting of sandstone, whereas the tooth 
(fig. 463.) is isolated. Several fragments of bone, differing in 
stru(;tnre from tliat of tlie associated saurians and fish, and believed 
to be mammalian, were embedded near them in the same rock, No 
anatomist had been able to give any feasible conjecture as to the 
affinities of this minute quadruped until Dr. Falconer, in 1837, re- 
cognized an unmistakeablc resemblance between its teeth and the 
two back molars of his new genus Piagiaidax (see above, fig. 337. 
p. 381.), from the Purbeek strata. This would lead ns to the con- 
clusion that Microlestcs was marsupial and plant-eating. 

In Wurtemberg there are two bone-beds, namely, that containing 
the Microlestcs, which has just been described, which constitutes, as 
we have seen, the uppermost member of the Trias, and anotlier of 
still greater extent, and still more rich in the remains of fish and 
reptiles, which is of older date, intervening between the Keuper 
and Muschclkafk. 

The genera Saurichthysy IlyhoduSy GyrohpiSy i\yg found in 
both these breccias, and one of the species, Saurichthys Mongeotiy is 
common to both bone-beds, as is also a remarkable reptile called 
Nothosaurus mirabilis. The saurian called Belodon by H. Von 
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Meyer, of the Thecodont family, is another Triassic form, associated 
at Diegerloch with Microlestes. 

Beneath this bone-breceia follows the regular series of strata 
called Keuper, which in Wiirtemberg is about 1000 feet thick. It 
is divided by Alberti into sandstone, gypsum, and carbonaceous 
slate clay.* Remains of reptiles called Kothosmirus and Phyto- 
Fig. 466 . saxirus have been found in it with Laby-- 

rinthodon ; the detached teeth, also, of 
placoid fish and of rays, and of the genera 
Saurichthys and (figs. 481, 482. 

p. 440.). 

The plants of the Keuper are geiierically 
very analogous to those of the lias and 
oolite, consisting of ferns, equisetaceous 
to/«wwam. (Syn. cycads, Jiiid coiiifcrs, witli a few 

doubtf^ul moiiocotyledoiis. A few species 
magnified. Keuper. Equisetites columjiaris, are com- 

mon to this group and the oolite. 

St Cassian and Hallstadt Beds. — The sandstones and clay of 
the Keuper resemble the deposits of estuaries and a shallow sea 
near the land, and afford, in the N.W. ot* Germany, as in France 
and England, but a scanty representation of the marine life of that 
period. We might, however, have anticipated, from its rich rep- 
tilian fauna, that the contemporaneous inhabitants of tlie sea of 
the Keuper period would be very numerous, should we ever have 
an opportunity of bringing their remains to light. This, it is 
believed, has at length been accomplished, by the position now 
assigned to certain Alpine rocks called the “ St. Cassian beds,” 
the true place of which in the series was until lately a subject 
of much doubt and discussion. For valuable researches relating 
to these formations, we are indebted to many eminent geologists, 
especially to MM. Von Buch, E. de Beaumont, Murchison, Sedg- 
wick, and Klipstein, and in Switzerland to MM. Escher and 
Merian, and more lately in Austria to MM. Von Hauer, Sucss, 
Iliirnes, and Giimbel. It has been proved that the Hallstadt beds 
on the northern flanks of the Austrian Alps correspond in age with 
the St. Cassian beds on their southern declivity, and the Austrian 
geologists hence satisfied themselves that the Hallstadt formation is 
referable to the period of the Upper Trias. Assuming this conclu- 
sion to be correct, we become acquainted suddenly and unexpectedly 
with a rich marine fauna belonging to a period previously believed 
to be very barren of organic remains, because in England, France, 
and Northern Germany the Upper Trias is chiefly represented by 
beds of fresh or brackish water origin. Mr. Edward Sucss, of 
Vienna, to whom we are indebted for several memoirs on the rocks 
in question, has favoured me with the following summary of the 
order of succession of the Hallstadt beds in the Austrian Alps, 
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which I had an opportunity, when travelling in the autumn of 1856, 
of verifying in company with Mr. Gumbel, of Munich. 

The uppermost strata first enumerated immediately underlie the 
Lower Lias of the Swabian Jura. This lias is represented near 
Vienna by a brown limestone, containing Ammonites Bucklandi, A. 
Conyhearii^ &c. 


Strata heloio the Lias in the Austrian Alps^ in descending Order. 


Kocssen beds. 

(Synonyms, Upper St. 
Cassian beds of Kscher and 
Merian.) 


j"Grey and black limestone, with calcareous marls 
having a thickness of about 60 feet. Among 
the fossils, Brachiopoda very numerous ; some 
few species common to the genuine Lias; many 
peculiar. Avicula contorta, Pecten ValoniensU^ 
* Cardium Ilheeticum, Avicula tnaquivalris, Spiri- 
fer MunsterU Lav. Strata containing the above 
fossils alternate with the Dachstein beds, lying 
next below. 


2. Dachstein beds. 


Hallst.'idt beds 
(or St. Cassian). 


^ White or greyish limestone, often in beds .3 or 
4 feet thick. Total thickness of the formation 
above 2000 feet. Upper part fossiliferons, with 
^ some strata composed of corals. (^Lithodendren.') 
Lower portion without fossils. Among the 
characteristic shells are Hemicardium Wtdferii, 
Megahdon triqueter^ and other large bivalves. 

^Red, pink, or white marble, from 800 to 1000 feet 
in thickness, containing more than 800 species 
of marine fossils, for the most part molliisca. 
Many species of Orlhoceras. True Ammonites^ 
besides Ceratites and Goniatites, Belemmtes 
(rare), Porcellia, Pleurotomaria, TrocliuSy Mono- 
tin salinaria^ &c. 


C A. Black and grey limestone ] 
4. A. Gnttcnstcin beds. 150 feet thick, alternating 
B, Werfen beds, base with the underlyingWerfen 
of Upper Trias ? beds. 

Lower Trias of some B. Red and green shale and 
geologists. sandstone, with Salt and 

Gypsum. 


Among the fossils are 
Ceratites cassianus 
Myacite^ fassaensis^ 
NaticeUa costaia, &c. 


Ill regard to the age of the rocks above mentioned, the Koessen 
and Dachstein beds have been referred by some to the Lias, by 
others to tlie Trias, while many have considered them to be of in- 
termediate date. But Mr. Suess has shown that the Kocssen beds 
corres])ond to the upper bone-bed of Swabia, in which the Micro- 
lestes was found (see p. 430.), and the same geologist remarks that 
some of the fossils of the bods I. and 2. are identical with the Irisli 
“ Portrush beds ” of General Portlock, described in his Report on 
Londonderry. The Kocssen beds have been traced for 1(X) geo- 
graphical miles from near Geneva to the environs of Vienna. 

The German geologists are now generally agreed, as already- 
stated, that the Ilallstadt and St. Cassian beds are of the age of the 
lower part of the Kcuper or Upper Trias ; but whether the Werfen 
sandstone. No. 4., should form part of the same serms, or, as Von 
Hauer inclines to believe, should be classed as the equivalent of “ the 
Bunter or Lower Trias,” is still undetermined. The absence of 
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well-characterized Muschelkalk fossils in the Austrian Alps renders 
this point very difficult to decide. Rich deposits of salt, associated 
with the Werfeu beds, have inclined some geologists to presume 
that they belong to the Upper Trias. Should they bo classed as 
‘ Buntcr,” the Guttenstein limestone would then correspond in 
position with the Muschelkalk, but no Muschelkalk fossils have ever 
been met with in it or in the Werfen. 

Among the 800 species of fossils of t*lio Ilnllstadt and St. Cassian 
beds, many are still undescribed ; some are of new and peculiar 
genera, as Scoliosloma, fig. 467., and Platystoma, fig. 468., among the 
Gasteropoda ; and Koninckia, fig. 469., among the Bracliiopoda. 


Fig. 467. 


Fig. 468. 



Scoliostomaj St. Cassian. 


Platystoma Suesw 
Hoernes. 
From Hallstadt. 




Fig. 409 



Koninckia Leonhard^ Wissraann. 

a. dorsal view, natural size. 

b. ventral view, part of the converse ventral valve removed to show the interior of 

dorsal valve and its vascular impressions. One of the spiral processes is seen 
through the translucent shell. 

c. section of both valves. 

d. interior of dorsal valve, with spiral processes restored. (Sucss.) 


The following table of genera of marine shells from the Hallstadt 
and St. Cassian beds, drawn up on the joint authority of MM. Suess 
and Woodward, shows how many connecting links between the 
fauna of primary and secondary rocks are supplied by the St. Cas- 
pian and Hallstadt beds. 


Ch. XXII.] ST. CASSIAN BEDS, UPPER TRIASSIC. 


43.5 


Genera of Fossil Mollusca in the St. Cassian and Ilallstadt Beds, 


Common to Older Rocks. 
Cyrtpceras. 

Orthoceras. 

Goniatites. 

♦Loxonema. 

•Holopclla. 

Murchisonia. 

Kuomphalus. 

Porccllia. 

*MegaIodon. 

Cyrtia. 


Characteristic Triassic Genera. | 
Ceratites. 

Scoliostoma (or Cock- 
learid). 

Naticella. 

Platystoma. 

Isoarca. 

Fleuro])hora8. 

Mvoplioria. 

Monotis. 

Koninckla. 


Common to Newer Rocks 
Ammonites. 
*Beleninites. 
*Ncrinaea. 

Opis. 

Cardita. 

Trigonia. 

Myoconchus. 

Ostrea. 1 sp. 
Plicatula. 

Thccidium. 


The genera marked by an asterisk are given on the authority of Mr. Suess, th‘i 
rest on that uf Mr. Woodward from fossils of the St. Cassian rooks in the Britisli 
Museum. 


The first column marks the last appearance of several genera 
which are characteristic of Palajozoic strata. The second shows 
those genera which are characteristic of the Upper Trias, either as 
jieculiar to it or as reaching their maximum of development at this 
era. The third column marks the first appearance of genera des- 
tined to become more abundant in later ages. 

As the Orthoceras had never been met with in the marine Mus- 
chelkalk, much surprise was naturally felt that 7 or 8 species of the 
genus should appear in the Hallstadt beds, assuming these last to 
belong to the Upper Trias. Among these species are some of large 
dimensions, associated with large Ammonites with foliated lobes, a 
form never seen before so low in the series, while the Orthoceras had 
never been seen so high. But the latter genus has also been met 
with ill the Adiict, or Lias strata of Austria, as I was assured in 
1856 by several eminent geologists of Germany. 

Professor Ramsay has lately made a careful analysis of the lists 
given by Bronn of 104 genera and 774 species of fossils, derived 
from the St. Cassian beds, of all classes of the animal kingdom, 
nearly the whole of them invertebrata ; and he has also made an 
analysis of another list of 79 genera and 427 species of fossils from the 
same beds, drawn up by a skilful naturalist, the late Count Munster. 
The results arrived at in both cases agree very closely, proving 
that somewhat less than one-third of the St. Cassian fossils have 
a primary or pala5ozoic, and two-thirds of them a secondary or 
mcsozoic character. There would be nothing wonderful or anoma- 
lous in such a result, were it not that the fossils of the Muschelkalk, 
which arc supposed to be older than the St. Cassian beds, contain a 
comparatively small proportion of primary types, so that a paleon- 
tologist would naturally presume, says Professor Ramsay, that the 
St. Cassian beds v^ere a stage nearer in time than is the Muschel- 
kalk to the Permian period. Bronn, accordingly, in drawing up 
his catalogue, placed the St. Cassian beds in that position, or as 
intermediate between the Buntcr-sandstcin and the Upper Per- 
mian, or Zeclistein. It must, I think, be admitted that, were we 
not controlled by the decided opinion as to the order of super- 

F F 2 
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position to which the most able living surveyors of the Austrian 
Alps have come, we should naturally take for granted, when pre- 
sented with such a section as that given at p. 433., that the Muschcl- 
kalk, if it had happened to be present at Ilallstadt, would have over- 
laid the bed No. 3., instead of having to be intercalated between 
Nos. 3. and 4., or even placed below No. 4. 

Whatever ambiguity may still remain in many minds respecting 
the precise chronological relations of the St. Cassian beds, no one 
(luestions that they arc Triassic^ and they have entirely dissii)ated the 
notion formerly entertained as to the marine fauna of the whole 
Triassic era having been poverty-stricken. The St. Cassian fauna, 
moreover, leads us to expect that, should we hereafter have an oppor- 
tunity of studying the marine fossils of the lowest division of the 
Hunter sandstone, the present break between the Palaeozoic and 
Neozoic forms will alino'st entirely disappear. 

Muschelknlk, 

The next member of the Trias in Germany, the Muschelknlk^ which 
underlies the Keuper before described, consists chiefly of a compact 
greyish limestone, but includes beds of dolomite in many places, 
together with gypsum and rock salt. This limestone, a formation 
wholly unrepresented in England, abounds in fossil shells, as the 
name im])lics. Among the Cephalopoda there arc no belemuites, and 
no ammonites with foliated sutures, as in the lias and oolite as well 
as in the Hallstadt beds ; but wc find instead a genus allied to the 
Ammonite, called Ceralites by Do ITaan, in which the descemling 
lobes (see «, b, c, fig. 470.) terminate in a few small deiiticulations 


a Fig. 470. b c 



Ccrat.tis nodosus. Mii&chelkalk. 
a. vlf w. h. front view. 

c. partidll) denticuKitcd outline of the septa dividing tliu chambrrs. 


pointing inwards, the saddles being plane. Among tlic bivalve 
shells, the Posidonia minuta, Goldf, {Estheria minuta^ Hronn), (see 
tig. 471 ), is abundant, ranging through the Keuper, Muschelkalk, 
and Buntcr-sandstciu ; and Avicula socinlis (fig. 472.), having a 
similar range, is found in great numbers in the Muschelkalk of Ger- 
marty, France, and Poland. 
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Estturia (Posidonin) nu- a, Avicula soctalis. h. sid#* view of same. 

7 mta, Goldf. Characteristic of the Musclielkalk. 

nomya winuia^ Bronn.) 


Fig. 473. 


The abundance of the heads and steins of lily encrinites,itwcr 2 //wv 
liltiformis (fig. 473.), (or Encrinites moniliformis\ shows the slow 
manner in which some beds of this limestone have 
been formed in clear sea-water. The star-fisli 
called Aspidura loricala (fig. 474.) is as yet pe- 
culiar to the Musclielkalk. In the same formation 

Fig. 474. 



Encrinuz lilnformis, Schlott. Syn. E. fHoniliformis. 
Body, arms, and part of »tein. 
a. section of stem. 

Musclielkalk. 



Asspidnra loricata, Ag.is*-. 

a. upper side. 

b. lower ^idc. 
Muschelkalk. 


Sire found the skull and teeth of a reptile of tlie genus Placodus (see 
fig. 475.), which was referred originally by Count Miinster, and 


Fig. 475. rig. 476 . 



Vcilatal teeth of Placodut gigat, 
Muschelkalk. 


afterwards by Agassiz, to the class of fishes. But more perfect 
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t*pecimeiis enabled Professor Owen, in 1858, to show that this fossil 
animal was a Saurian reptile, which probably fed on shell-bearing 
mollusks, and used its short and flat teeth, so thickly coated with 
enamel, for pounding and crushing the shells,* 

Bunter-saiidstein. 

The Bunter-sandstein consists of various-coloured sandstones, 
dolomites, and red clays, with some beds, especially in the Hartz, of 
calcareous pisolite or roe-stone, the whole sometimes attaining a 
thickness of more than 1000 feet. The sandstone of the Vosges, 
according to Von Meyer, is proved, by the presence of Labyrin^ 
thodon and other fossils, to belong to this Igwest member of the 
Triassic group. At Sulzbad (or Soultz-les-bains), near Strasburg, 
on the flanks of the Vosges, many plants have been obtained from 
the “ bunter,” especially conifers of the extinct genus Voltzia^ 
peculiar to this period, in which even the fructification has been 
preserved. (See fig. 476.) 

Out of thirty species of ferns, cycads, conifers, and other plants, 
enumerated by M. Ad. Brongniart, in 1849, as coming from the 

Gres bigarre,” or Bunter, not one is common to tlie Keuper.f 
This difference, however, may arise psirtly from the fact that the 
flora of the “ Bunter ” has been almost entirely derived from one 
district (tlie neighbourhood of Strasburg), and its peculiarities may 
be local. 

The footprints of a reptile {Lahyrinthodon) have been observed 
on the clays of this member of the Trias, near Ilildburghauscn, in 
Saxony, impressed on the upper surface of the beds, and standing 
out as casts in relief from the under sides of incumbent slabs of 
sandstone. To these I shall again allude in the sequel ; they attest, 
as well as the accompanying ripple-marks, and the cracks which 
traverse the clays, the gradual deposition of the beds of this for- 
mation in shallow water, and sometimes between high and low 
water. 


Triassic Group in England. 

Tlie Trias or New Bed series of England is subdivided by Pro- 
fessor Ramsay in the following manner : — 

{ Kocssen or Penarth beds {Avicula contorta zone). 

New Red Marl, with streaks of Sandstone. 

White and Brown Sandstone and Marl. 

r Upper Variegated Sandstone. 

Bunter < Conglomerate or Pebble beds. 

L Lower Variegated Marble. 

Different members of the above group rest in England, in some 
region or other, on almost every principal member of the palmozoic 

^ * Owen, Phil. Trans., 1858, p. 169. 

t Tableau des Genres de Vcg. Foss., Diet. Univ., 1849. 



Ch. XXII.] TRIASSIC GROUP IN ENGLAND. 439 

series, on Cambrian, Silurian, Devonian, Carboniferous, and Per- 
mian rocks, and there is evidence everywhere of disturVjance, con- 
tortion, partial upheaval into land, and vast denudations which the 
older rocks underwent before and during the deposition of the suc- 
cessive strata of the New Red Sandstone group. It was stated 
(p. 417.) that the Lower Lias in the south-west of England con- 
tained near its base strata characterized by Ammonites planorhis^ 
below which beds with many reptilian remains sometimes occur. 

Still lower, on the boundary line between the Lias and Trias, 
certain crcjim-coloured limestones, called White Lias by Smith, are 
found usually, but not always, without fossils. These white beds 
Jiave lately been referred by Mr. Chas. Moore to what he calls the 
Rha 3 tic beds*, because largely developed in the Rhaetian Alps, and 
wliich are the same as the Koessen beds of Germany, No. 1., 
p. 433. The marine organic remains observed in them near Frome, 
in Somersetshire, show that they appertain to the highest member 
of the Upper Trias, in which occur the sandstones and shales with 
Avicula contorta (fig. 479.), together with other fossil shells be- 
longing to the same zone in Germany, France, and Lombardy. 
Among the most abundant of the shells in all these countries is the 
above-mentioned Avicula (fig. 479.), and with it Cardium rhceticum 
(fig. 477.) and Pecten Valoniensis (fig. 478.). 


Fig. 477. 


Fig. 478. 


Fig. 47U. 





Cardiwn rhaticum, Peefen Valoniensis^ Dfr. Avicula contorta. Portlock. 

Nat. size. Uiiperinost Trias. ^ nat. size. Portrush, Portrush, Ireland, Nat. 

Ireland, &c. Upper- size. Uppermost Trias, 

most Trias. 

The principal member of this group has been called by Dr. 
Wright the Avicula contorta bedf, as this shell is very abundant, 
and has a wide range in Europe. General Portlock first described 
the formation as it occurs at Portrush, in Antrim, where the Avicula 
contorta is accompanied by Pecten Valoniensis^ as in Germany. 
The beds under consideration, although of moderate thickness, are 
already rich in synonyms, as, besides the German names mentioned 
at page 433. and the Bone-bed scries of many geologists, as well as 
the Rhjctic be^ of Mr. C. Moore, it has lately been named the 
Penarth beds by the Government surveyors of Great Britain, from 
Penarth, near Cardiff, in Glamorganshire, where these strata are 
finely exhibited in the sea-cliffs. 


* Moore, Rhoctic Beds, Quart. Geol. Journ., 1861 , vol. xvii. 

Dr. Wright, on Lias and Bone-bed, Quart. Geol. Journ., 1860 , vol. xvi. 
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The best-known member of tho group, a thin band or bone- 
breccia, is conspicuous among the black shales in the neighbourhood 
of Axmouth, in Devonshire, and in the cliffs of Westbury- on- Severn, 
as well as at Aust and other places on the borders of the British 
Channel. It abounds in the remains of saurians and fish, and was 
formerly classed as the lowest bed of the Lias ; but Sir P. Egerton 
first pointed out, in 1841, that it should be referred to the Upper 
New Red Sandstone, because it contained an assemblage of fossil 
fish which are either peculiar to this stratum, or belong to species 
well known in the Muschelkalk of Germany. These fish belong to 
the genera Acrodus, HyhoduSy Gyrolepis^ and Saurichthys. 

Among those common to the English bone-bed and the Muschel- 
kalk of Germany are Hybodus pUentilis (fig. 480.), Saurichthys api- 
caiis (fig. 481.), Gyrolepis tenuistriatiis (fig. 482.), and G. AlbertiL 
Remains of saurians, Plesiosaurus anjoug others, have also been 
found ill the bone-bed, and plates of an Encrimis, 


Fig. 481. 


Fig. 4‘*‘2. 



Saurichthys aptcalU. GyroleyU fenuistriatus. 
Tooth ; iiat. size, and Sralt* ; nat. size, and 

niaguillcd. Axmouth. magnitied. Axmouth. 


Ill certain grey indurated marls below the bone-bed, Mr. Dawkins 
found, at Watchett, on the coast of Somersetshire, in 1863, a two- 
faiiged molar tooth of a fossil mammifer of the Microlestes family. 
]Mr. Chas. Moore had previously discovered twenty-seven teeth of 
mammalia of the same family near Fromc, in Somersetshire, in the 
contents of a vertical fissure traversing a mass of carboniferous 
limestone. The top of this fissure must have communicated with 
the bed of the Triassic sea, and probably at a point not far from the 
ancient shore on which the small marsupials of that era abounded. 

The strata of red and green marl, which follow the bone-bed in 
tlie descending order at Axmouth and Aust, are destitute of organic 
remains : as is the case, for the most part, in the corresponding beds 
in almost every part of England. But fossils have been found at .a 
few localities in sandstones of this formation, in Worcestershire and 
Warwickshire, and among them the bivalve shell Called Posidonia 
minuta^ Goldf., before mentioned (fig. 471. p. 437.). 

The member of the English “ New Red ” containing this shell, in 
those parts of England, is, according to Sir Roderick Murchison 
and Mj. Strickland, 600 feet thick, and consists chiefly of red marl 
or slate, with a band of sandstone. Ichthyodorulites, or spines of 
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Hybodus^ teeth of fifthcft, and footprints of reptiles were observed by 
tlie same geologists in these strata ; * and the remains of a saurian, 
called Rhynchosaurm, have been found in this portion of the Trias 
at Griiisell, near Shrewsbury. 

In Cheshire and Lancashire the gypseous and saliferous red shales 
and clays of the Trias are between 1000 and 1500 feet thick. In 
some places lenticular masses of rock-salt are interpolated between 
the argillaceous beds, the origin of which will be spoken of in the 
sequel. 

The lower division or English representative of the^Bunter” 
attains a thickness of 600 feet in the counties last mentioned. Be- 
sides red and green shales and red sandstones, it comprises mucli 
soft white quartzose sandstone, in which the trunks of silicified trees 
liave been met with at Allesley Hill, near Coventry. Several of 
them were a foot and a half in diameter, and some yards in length, 
decidedly of coniferous wood, and showing rings of annual growth.f 
Impressions, also, of the footsteps of animals have been detected in 
Lancashire and Cheshire in this formation. Some of the most re- 
markable occur a few miles from Liverpool, in the whitish quartzose 
sandstone of Storton Hill, on the west side of the Mersey. They 
bear a close resemblance to tracks first observed in a member of the 
Upper New Bed Sandstone, at the village of Hesscberg, near Hild- 
burghausen. in Saxony, to which I have already alluded. For many 
years these footprints have been referred to 
a large unknown quadruped, provisionally 
named Cheirotherium by Professor Kau]), 
because the marks both of the fore and hind 
feet resembled impressions made by a human 
hand. (See fig. 483.) The footmarks at 
Uesseberg arc partly concave, and partly in 
relief ; the former, or the depressions, are 
seen ui)on the upper surface of the sandstone 
slabs, but those in relief are only upon the 
lower surfaces, being in fact natural casts, 
formed iu the subjacent footprints as in 

moulds. The larger impressions, which seem ' one-eighth of nai. 

to bo those of the hind foot, are generally 

8 inches in length, and 5 in width, and one was 12 inches long. 
Near each large footstep, and at a regular distance (about an inch 




Fig. 484. 


Line of footsteps on slab of sandstone. Hlldburgliauseu, in Saxony. 


• Gcol. Trans., Second Ser.,vol.v. p. p. 439.; and Murchison and Strick- 
318., &c. tnd, Geok Trans., Second Scr., vol. v. 

t Buckland, Froc. Geol. Soc., vol. ii. p. 347. 
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and a half), before it, a smaller print of a fore foot, 4 inches long and 
3 inches wide, occurs. The footsteps follow each other in pairs, each 
pair in the same line, at intervals of 14 inches from pair to pair. 
The large as well as the small steps show the great toes alternately 
on the right and left side ; each step makes the print of five toes, 
the first or great toe being bent inwards like a thumb. Though the 
fore and hind foot differ so much in size, they are nearly similar in 
form. 

The similar footmarks afterwards observed in a rock of corre- 
sponding age at Storton Hill were imprinted on five thin beds of clay, 
superimposed one upon the other in the same qusirry, and separated 
))y beds of sandstone. On the lower surface of the sandstone strata, 
the solid casts of each impression are salient, in high relief, and 
afford models of the feet, toes, and claws of the animals which trod 
on the clay. On the same surlaces Mr. J. Cunningham discovered 
(1839) distinct casts of rain-drop markings. 

As neither in Germany nor in England any bones or teeth liad 
been met with in the same identical strata as the footsteps, anato- 
mists indulged, for several years, in various conjectures respecting 
the mysterious animals from which they might have been derived. 
Professor Kaup suggested tliat the unknown quadruped might have 
been allied to the Marsupialia ; for in the kangaroo the first toe of 
the fore foot is in a similar manner set obliquely to the others, like a 
thumb, and the disproportion between the fore and hind feet is also 
very great. But M. Link conceived that some of the four species of 
animals of which the tracks had been found in Saxony might have 
been gigantic jBatrachinns ; and Dr. Buckland designated some of 
the footsteps as those of a small web-footed animal, probably croco- 
dilian. 

In the course of these discussions several naturalists of Liverpool, 
in their report on the Storton quarries, declared their opinion that 
each of the thin seams of clay in which the sandstone casts were 
moulded had formed successively a surface above water, over Avhich 
the Cheirotheriiim and other animals walked, leaving imf)ressioiis of 
their footsteps, and that each layer had been afterwards submerged 
by a sinking down of the surface, so that a new beach was formed at 
low water above the former, on which other tracks were then made. 
The rci)cated occurrence of ripple-marks at various heights and 
depths in the red sandstone of Cheshire had been explained in the 
same manner. It was also remarked that impressions of such depth 
and clearness could only have been made by animals walking on the 
land, as their weight would have been insufficient to make them sink 
so deeply in yielding clay under water. They must, therefore, have 
been air-breathers. , 

When the inquiry had been brought to this point, the reptilian 
remains discovered in the Trias, both of Germany and England, were 
carefully examined by Prof. Owen. He found, after a microscopic 
investigation of the teeth from the German sandstone called Keuper, 
and from the sandstone of Warwick and Leamington (fig. 485.), 
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that neither of them could be referred to true saurians, although tliey 
had been named Mastodonsaurm and Phytosaurus 
by Jiiger. It appeared that they were of the Ba- 
trachian order, and of gigantic dimensions in com- 
parison with any representatives of that order now 
living. Both the Continental and English fossil 
teeth exhibited a most complicated texture, differ- 
ing from that previously observed in any reptile, 
whether recent or extinct, but most nearly ana- Tooth of Labyrintho- 
logons to the Ichthyosaurus. A section of one of w'ick lanUsVone. 
these teeth exhibits a series of irregular folds, re- 
sembling the labyrinth ic windings of the surface of the brain ; and 
from this character Prof. Owen has proposed the name Lahyrintho^ 
(Jon for the new genus. The annexed representation (fig. 486.) of 
part of one is given from his “ Odontography,” plate 64 A. The 
entire length of this tooth is supposed to have been about three 
inches and a half, and the breadth at the base one inch and a half. 



Fig. 48G. 



Transverse section of tooth of Lahyrinthodon JaegeH, Owen (Mastodonsaurus Jaegrri, 
Meyer) ; nat. size, and a segment magnified. 

a. pulp cavity, from which the processes of pulp and dentine radiate. 

When Prof. Owen had satisfied himself, from an inspection of the 
cranium, jaws, and teeth, that a gigantic Batrachian had existed at 
the period of the Trias or Upper New Red Sandstone, he soon found, 
from the examination of various bones derived from the same forma- 
tion, that he could define three species of Lahyrinthodon^ and that in 
this genus the bind extremities were much larger than the anterior 
ones. This circumstance, coupled with the fact of the Lahyrinthodon 
having existed at the period when the Cheirotherian footsteps were 
made, was the first step towards the identification of those tracks 
with the newly discovered Batrachian. It was at the same time 
observed that the footmarks of Cheirotherium were more like those 
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of toads than of any other living animal ; and, lastly, tliat tlm size of 
the three species of Labyrinthodon corresjwiuied with tin* size oI‘ 
three different kinds of footprints which had already been supposed 
to belong to three distinct Cheirotheria,, It w'as moreover inferred, 
with confidence, that the Labyrinthodon \vfis an air-breathing reptile 
from the structure of the nasal cavity, in which the posterior outlets 
were at the back part of the mouth, instead of being directly under 
the anterior or external nostrils. It must have respired air after the 
manner of saurians, and may therefore have imprinted on the shore 
those footsteps, -which, as we have seen, could not have originated 
from an animal walking under water. 

But tiie structure of the foot is still wanting, 'iid a more con- 
nected and complete skeleton is required for demoii: tration ; for the 
circumstantial evidence above stated is not strong ei ough to produce 
in the minds of some eminent anatomists the conviction that the 
Cheirotherium and Labyrinthodon are one and the ^ me. 

Dolomitic Conglomerate of Bristol. — Near Bristol, in homerset- 
shire, and in other coujities bordering the Severn, arc certain 
.strata which rest un conformably upon the coal-measures, and consist 
of a conglomerate called “ dolomitic,” because the pebbles of older 
rock> contained in it are cemented together by a red or yellow base 
i)f dolomite. This conglomerate or breccia occurs iji patches over 
the downs near Bristol, and upon the Hanks of the hills, tilling up 
liollows and irregularities in the Old Red Sandstone, Millstone (irit, 
and Mountain Limestone. The embedded fragments are both 
rounded and angular, and some of them of vast size, especially those 
of millstone grit, weighing nearly a ton. It is ])rincipally com- 
posed, at every s])Ot of the debris, of those rocks on which it im- 
mediately rests. At one point we find pieces of coal-shale, in 
anotlier of mountain limestone, recognizable by its peculiar shells and 
zoophytes. Fractured bones, also, and teeth of saurians of contem- 
poraneous origin, are dispersed through some parts of the breccia. 

These saurians are distinguished by having tlie teeth implanted 
deeply in the jaw-bone, and in distinct sockets, instead of being 
soldered, as in frogs, to a simple alveolar parapet. In the dolomitic 


Teeth of Saurians. 

Fig. W. 


Dolomitic conglomcrati* ; Uodland, near Bristol. 
Fip. 488. 


Tooth of Palteosaurus 
platyodon\i nat. size. 



Tooth of Thecodontosaurus ; 
3 times magniiied. 



conglomerate near Bristol the remains of species of two genera 
have been found, called L'hecodonUisaurus and Lalceosaurus by Br. 
Riley and Mr. Stutchbury ; * the teeth of which are conical, com- 
pres^d, and with finely serrated edges (figs. 487. and 488.). 

* Gcol. Trans., Second Series, vol. v. p. .349., PI. 29. figs. 2 and 5. 
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Messrs. Conybcare and Bucklfind refeiTcd the strata containing 
tliese Silurians to tho period of the magnesian limestone, or the 
lowest part of their Poikilitic series, and for a long time these reptiles 
ranked as the most ancient representatives of their class which had 
been found in any British rocks ; but Sir H. De la Beche afterwards 
pointed out that, in consequence of the isolated position of the 
breccia containing the fossils in question, it was very difficult to 
determine to what precise part of the Poikilitic series they be- 
longed.* More lately, our Government surveyors have satisfied 
themselves that the breccia is of Triassic date, probably referable 
to tho base of the Keuper. 

Origin of Red Sandstone and Rock SalL 

We have seen that, in various parts of the world, red and mottled 
flays and sandstones, of several distinct geological epochs, are 
found associated with salt, gypsum, magnesian limestone, or with 
one or .all of these substances. There is, therefore, in all likelihood, 
a general cause for such a coincidence. Nevertheless, we must not 
forget that there are dense masses of red and variegated sandstones 
and clays, thous.ands of feet in thickness, and of v.ast horizontal ex- 
tent, wholly devoid of saliferous or gypseous matter. There are aUo 
deposits of gypsum and of muriate of soda, .as in the blue clay forma- 
tion of Sicily, without any accompanying red sandstone or red clay. 

To account for deposits of red mud and red sand, we have simply 
to suppose the disintegrjition of ordinary crystalline or metamorphic 
schists. Thus, in the eastern Grampians of Scotland, in the north 
of Forfarshire, for example, the mountains of gneiss, mica-schist, 
and clay-slate are overspread with alluvium, derived from the disin- 
tegration of those rocks ; and the mass of detritus is stained by 
oxide of iron, of precisely the same colour as the Old Red Sand- 
stone of the adjoining lowlands. Now this alluvium merely requires 
to be swept down to tho sea, or into a lake, to form strata of red 
sandstone and red marl, precisely like the mass of the “Old 
Red ” or “ New Red ” systems of England, or tho&e tertiary deposits 
of Auvergne (see p. 221.), before described, which are in litho- 
logical characters quite uiidistinguishable. The pebbles of gneiss 
in the Eoceius red sandstone of Auvergne point clearly to the rocks 
from which it has been derived. The red colouring matter may, 
.as in tho Grampi.ans, have been furnished by the decomposition of 
hornblende or mica, which contcain oxide of iron in large quantity. 

It is a general fact, and one not yet accounted for, that scarcely 
any fossil remains are preserved in stratified rocks in which this 
oxide of iron abounds ; and when we find fossils in the New or Old 
Red Sandstone in England, it is in the grey, and usually calcareous 
beds, that they occur. 

The gypsum and saline matter, ocC(asion<ally interstratilied with 
such red clays and sandstones of various ages, primary, secondary, 


* Memoirs of Gcol. Survey of Great Britain, vol. i. p, *268. 
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and tertiary, have been thought by some geologists to bo of volcanic 
origin. Submarine and subaerial exhalations often occur in regions 
of earthquakes and volcanoes far from points of actual eruption, and 
charged with sulphur, sulphuric salts, and with common salt or 
muriate of soda. In a word, such “ solfataras ” are vents by which 
all the products which issue in a state of sublimation from the craters 
of active volcanoes obtain a passage from the interior of the earth 
to^the surface. That such gaseous emanations and mineral springs, 
impregnated with the ingredients before enumerated, and often in- 
tensely heated, continue to flow out unaltered in composition and 
temperature for ages, is well known. But before we can decide on 
their real instrumentality in producing in the course of ages beds 
of gypsum, salt, and dolomite, we require to know more respecting 
the chemical changes actually in progress in seas where volcanic 
agency is at work. 

The origin of rock salt, however, is a problem of so much interest 
in theoretical geology as to demand the discussion of anotlier hypo- 
thesis advanced on the subject ; namely, that which attributes the 
precipitation of the salt to evaporation, whether of inland lakes or 
of lagoons communicating with the ocean. 

At Northwich, in Cheshire, in the Upper Trias or Keuper, two 
beds of salt, in great part unmixed with earthy matter, attain the 
extraordinary thickness of 90 and even 100 feet. The upper 
surface of the highest bed is very uneven, forming cones and irre- 
gular figures. Between the two masses there intervenes a bed of 
indurated clay, traversed with veins of salt. The highest bed thins 
off towards tlie south-west, losing 15 feet in thickness in the course 
of a mile.* The horizontal extent of these particular masses in 
Cheshire and Lancashire is not exactly known ; but the area, con- 
taining saliferous clays and sandstones, is supposed to exceed 150 
miles in diameter, while the total thickness of the trias in the same 
region is estimated by Mr. Ormerod at more than 1700 feet. Ripple- 
marked sandstones, and the footprints of animals, before described, 
are observed at so many levels that we may safely assume the 
whole area to have undergone a slow and gradual depression during 
the formation of the Red Sandstone. The evidence of such a move- 
ment, wholly independent of the presence of salt itself, is very im- 
portant in reference to the theory under consideration. 

In the Principles of Geology ” (chap, xxvii.), I published a map, 
furnished to me by the late Sir Alexander Burnes, of that singular 
flat region called the Runn of Cutch, near the delta of the Indus, 
which is 7000 square miles in area, or equal in extent to about one- 
fourth of Ireland. It is neither land nor sea, but is dry during a 
part of every year, and again covered by salt water during the 
monsoons. Some parts of it are liable, after long intervals, to bo 
overflowed by river-water. Its surface supports no grass, but is 

♦ Ormerod, Quart. Geol. Journ., 1848, vol. iv. p. 277. 
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encrusted over, here and there, by a layer of salt, about an inch 
in depth, caused by the evaporation of sea-water. Certain tracts 
have been converted into dry land by upheaval during earthquakes 
since the commencement of the present century, and, in other direc- 
tions, the boundaries of the Runn have been enlarged by subsidence. 
That successive layers of salt might bo thrown down, one upon the 
other, over thousands of square miles, in such a region, is undeniable. 
The supply of brine from the ocean would be as inexhaustible as 
the supply of heat from the sun to cause evaporation. The only 
assumption required to enable us to explain a great thickness of 
salt in such an area is, the continuance, for an indefinite period, of 
a subsiding movement, the country preserving all the time a general 
approach to horizontality. Pure salt could only be formed in the 
central parts of basins, where no sand could be drifted by the wind, 
or sediment be brought by currents. Should the sinking of the 
ground be accelerated, so as to let in the sea freely, and deepen the 
water, a temporary suspension of the precipitation of salt would be 
the only result. On the other liand, if the area should dry up, 
ripple-marked sands and the footprints of animals might be formed, 
where salt had previously accumulated. According to this view, the 
thickness of the salt, as well as of the accompanying beds of mud 
and sand, becomes a mere question of time, or requires simply a re- 
petition of similar operations. 

Mr. Hugh Miller, in an able discussion of this question, refers to 
Dr. Frederick Parrot’s account, in his journey to Ararat (1836), of 
the salt lakes of Asia. In several of these lakes west of the river 
Mancch, “ the water, during the hottest season of the year, is 
covered on its surface with a crust of salt nearly an inch thick, 
which is collected with shovels into boats. The crystallization of 
the salt is effected by rapid evaporation from the sun’s heat and the 
supersaturatioii of the water with muriate of soda; the lake being 
so shallow that the little boats trail on the bottom and leave a furrow 
behind them, so that the lake must be regarded as a wide pan of 
enormous superficial extent, in which the brine can easily reach the 
degree of concentration required.” 

Another traveller. Major Harris, in his Highlands of Ethiopia,” 
describes a salt lake, called the Bahr Assal, near the Abyssinian 
frontier, which once formed the prolongation of the Gulf of Tadjara, 
but was afterwards cut off from the gulf by a broad bar of lava or 
of land upraised by an earthquake. “ Fed by no rivers, and exposed 
in a burning climate to the unmitigated rays of the sun, it has 
shrunk into an elliptical basin, seven miles in its transverse axis, 
half filled with smooth water of the deepest cserulean hue, and half 
with a solid sheet of glittering snow-white salt, the offspring of 
evaporation.” “If,” says Mr. Hugh Miller, “we suppose, instead of 
a barrier of lava, that sand-bars were raised by the surf on a flat 
arenaceous coast during a slow and equable sinking of the surface, 
the waters of the outer gulf might occasionally topple over the bar. 
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and supply fresh brine when the first stock had been exhausted by 
evaporation.” * 

We may add that the permanent impregnation of the waters of 
a large shallow basin with salt, beyond the proportion which is usual 
in the ocean, would cause it to be uninhabitable by mollusks or fish, 
as is the case in the Dead Sea, and the muriate of soda might 
remain in excess, even though it were occasionally replenished by 
irruptions of the scfi. Should the saline deposit be eventually sub- 
merged, it might, as we have seen from the example of the Rinin of 
C'utch, be covered by a freshwater formation containing fluviatile 
organic remains ; and in this way the Jipparent anomaly of beds of 
sea-salt and clays devoid of marine fossils, alternating with others 
of freshwater origin, may be explained. 

Dr. G. Buist, in a communication to the Bombay Geographical 
Society (vol. ix.), has asked how it happens that the Red Sea should 
not exceed the open ocean in saltness by more than ^^^th per cent. 
The Red Sea receives no supply of water from any quarter save 
through the Straits of Babelmandeb; and there is nor. a single river 
or rivulet flowing into it from a circuit of 4000 miles of shore. The 
countries around are all excessively sterile and arid, and composed, 
for the most part, of burning deserts. From the ascertained eva- 
poration in the sea itself, Dr. Biiist computes that nearly 8 feet 
of pure water must be carried off from the whole of its surface 
annually, this being probably equivalent to whole 

volume. Tlie Red Sea, therefore, ought to have I per cent, added 
annually to its saline contents ; and as these constitute 4 per cent, 
by weight, or 24 per cent, in volume of its entire mass, it ought, 
assuming tlic average depth to be 800 feet, wdiich is supposed to 
be far beyond the truth, to have been converted into one solid salt 
formation in less than o(X)0 years.f Does the Red Sea receive 
a supply of watia* from the ocean, through the n.arrow Straits of 
Babelmandeb, sulRcicnt to balance the loss by evaporation ? And 
is there an undercurrent of heavier saline water annually Rowing 
outwards ? If not, in what manner is the excess of salt disposed 
of ? An investigation of this subject by our nautical surveyors may 
perhaps aid the geologist in framing a true theory of the origin of 
rock-salt. 


Trias of the United States. 

Coal-field of Hichmond^ Virginia . — Tliere are large tracts on the 
globe, as in Russia and the Atlantic border of the United States, 
where all the members of the oolitic series are unrepresented. In 
the State of Virginia, at the distance of about 13 miles eastward of 
Richmond, the capital of that State, there is a regular coal-field 
occurring in a depression of the granite rocks (see section, fig. 489.). 
It extends 26 miles from north to south, and from 4 to 12 from east 

* Hugh Miller, First Impressions of f Buist, Trans, of Bombay Gcograpli. 
England, 1847, pp. 183. 214. Soc., 1850, vol. ix. p 3S. 
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Fig. 489. 



Section showing the geological position of the James River, or East Virginian Coal-field. 
A. Granite, gneiss, &c. B. Coal-measures. 

C. Tertiary strata. D. Drift or anctent tUluvium. 


to west. Professor W. B. Rogers formerly referred these strata to 
the lower part of the J urassic group ; and this opinion I adopted in 
former editions of this work, after collecting a large number of fossil 
plants, fisli, and shells, and examining the coal-field throughout its 
whole area. The plants consist chiefly of zamites, calamites, equiseta, 
and ferns. The equiseta are very commonly met with in a vertical 
position more or less compressed perpendicularly. It is clear that 
they grew in the places where they are now buried in strata of 
hardened sand and mud. I found them maintaining their erect atti- 
tude, at points many miles distant from others, in beds both above 
and between the seams of coal. In order to explain this fact we 
must suppose such shales and sandstones to have been gradually 
accumulated during the slow and repeated subsidence of the whole 
region. 

It is worthy of remark that the Equisetum columnare of these 
Virginian rocks appears to be undistinguishable from the species 
found in the oolitic sandstones near Whitby in Yorkshire, where it 
also is met with in an upright position. One of the Virginian fossil 
ferns, Pecopteris Whithyensis^ is also a species which has been con- 
sidered as common to the Yorkshire oolites, although Professor Heer 
doubts its identity.* 

But the plants upon the whole are considered by Professor Heer 
to have the nearest affinity to those of the European Eeuper. When 
Sir Charles Bunbury compared them in 1847 to the fossil plants of 
Neueweld near Basle, and of other plant-bearing rocks near Baireuth, 
he supposed, as Unger had done before him, that those localities 
were Liassic, whereas geologists afterwards determined them to be 
of Upper Triassic date. 

The fossil fish are Ganoids, some of them of the genus Catopterus^ 
others belonging to the liassic genus Tetragonolepis {jtEchmodus), 
see fig. 452. p. 418. Fossil mollusca are very rare, as usually in all 
coal-bearing deposits, but two species of Entomostraca called 
Estheria are in such profusion in some shaly beds as to divide them 
like the plates of mica in micaceous shales (see fig. 490.). 

* Sec description of the coal-field by Bunbury, Esq., Quart. Geol.Joarn.,voI. 
the Author, and of the Plants by C. J. F. fit. p. 28 1. 
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These Virginian coal-measures are composed of grits, sandstones, 
and shales, exactly resembling those of older or primary date in 


Fig. 490. 



a. Estheria ovata, h. young of same. 

Oolitic coal-shale, Richmond, Virginia. 


America and Europe, and they rival or even surpass the latter in 
the richness and thickness of the coal-seams. One of these, the main 
seam, is in some places from 30 to 40 feet thick, composed of pure 
bituminous coal. On descending a shaft 800 feet deep, in the 
Blackheath mines in Chesterfield County, I found myself in a 
chamber more than 40 feet high, caused by the removal of this coal. 
Timber props of great strength supported the roof, but they were 
seen to bend under the incumbent weight. The coal is like the 
finest kinds shipped at Newcastle, and when analysed yields the 
same proportions of carbon and hydrogen — a fact worthy of notice 
when we consider that this fuel has been derived from an assemblage 
of plants very distinct specifically, and in part generically, from 
those which have contributed to the formation of the ancient or 
palaeozoic coal. 

New Red Sandstone of the Valley of the Connecticut River , — In 
a depression of the granitic or hypogeno rocks in the States of 
Massachusetts and Connecticut', strata of red sandstone, shale, and 
conglomerate are found, occupying an area more than 150 miles in 
length from north to south, and about 5 to 10 miles in breadth, the 
beds dipping to the eastward at angles varying from 5 to 50 degrees. 
The extreme inclination of 50 degrees is rare, and only observed in 
the neighbourhood of masses of trap which have been intruded into 
the red sandstone while it was forming, or before the newer parts of 
the deposit had been completed. Having examined this series of 
rocks in many places,- 1 feel satisfied that they were formed in shallow 
water, and for the most part near the shore, and that some of the 
beds were from time to time raised above the level of the water, and 
laid dry, while a newer series, composed of similar sediment, was 
forming. The red flags of thin-bedded sandstone are often ripple- 
marked, and exhibit on their under-sides casts of cracks formed in 
the jinderlying red and green shales. These last must have shrunk 
by drying before the sand was spread over them. On some shales 
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of the finest texture impressions of rain-drops may be seen, and casts 
of them in the incumbent argillaceous sandstones. Having ob- 
served similar markings produced by showers, of which the precise 
date was known, on the recent red mud of the Bay of Fundy, and 
casts in relief of the same on layers of dried mud thrown down by 
subsequent tides^, I feel no doubt in regard to the origin of some of 
the ancient Connecticut impressions. I have also seen on the mud- 
flats of the Bsoy of E'undy the footmarks of birds ( Tringa minuia\ 
which daily run along the borders of that estuary at low water 
and whidi I have described in my travels. f Similar layers of red 
mud, BOW hardened and compressed into shale, are laid open on the 
banks of the Connecticut, and retain faithfully the impressions and 
(!asts of the feet of numerous birds and reptiles which walked over 
them at the time when, they were deposited, probably in the Triassic 
period. 

According to Professor Hitchcock, the footprints of no less than 
thirty-two species of bipeds, and twelve of quadrupeds, have been 
already detected in these rocks. Thirty of these are believed to be 
those of birds, four of lizards, two of chelonians, and six of batra- 
chians» The tracks have been found in more than twenty places, 
scattered through an extent of nearly 80 miles from; nortli to south, 
and they are repeated through a succession of beds attaining at 
some points Ur thickness of more than 1000 feet, which may have 
been thousands of years in forming.:^ 

As considerable scepticism is naturally entertained in regard to 
the nature of the evidence derived from footprints, it may be well 
to enumerate some facts respecting them on which the faith of the 
geologist may rest. When I visited the United States in 1842, more 
than 2000 impressions had been observed by Professor Hitchcock, 
in the district alluded to, and all of them were indented on the 
upper surface of the layers, while the corresponding casts, standing 
out in relief, were always on the lower surfaces or planes of the 
strata. If we follow a single line of marks we find them uniform 
in size, and nearly uniform in distance from each other, the toes of 
two successive footprints turning alternately right and left (see fig. 
491.). Such single lines indicate a biped ; and there is generally 
such a deviation from a straight line in any three successive prints, 
as we remark in the tracks left by birds. There is also a striking 
relation between the distance separating two footprints in one series, 
and the size of the impressions ; in other words, an obvious propor- 
tion between the length of the stride and the dimension of the 
creature which walked over the mud. If the marks are small, they 
may be half an inch asunder ; if gigantic, as, for example, where 
the toes are 20 inches long, they are occasionally 4 feet and a half 

* Principles of Geologjr, 9th ed., p. t Hitchcock, Mem. of Amer. Acad., 
203. New Series, vo). iii. p. 129.,^ 184S. 

t Travels in N. America, vol. ii. p.l68. 
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apart. Tho bipedal impressions are for the most part frifid, and 
show the same numl)er of joints as exist in the feet of living tridae- 
tylous birds. Now, such birds have three phalangeal hones for tlie 
inner toe, four for the middle, and five for the outer 
Fig. 491. one (see fig. 4i)I.) ; hut the impression of the ter- 
minal joint is that of the nail oidy. The fossil foot- 
prints oxhihit regularly, where the joints are se< n, 
the same inimher ; and we see in eaeh eontinuou'i 
line of tracks the three-jointed and live-joinlod toe^i 
placed alternately outwards, first on tlie one >ide and 
then on the other. Jn some spiufimens, hesiih"* im- 
pressions of the three toes in front, the rudiment is 
seen of the fourth toe hohind. It is not often that 
the matrix has heen fine enough to rt'lain im])re''>ions 
of the integument or skin of the foot ; hut in one 
fine spoeimen found at Turner’s Fulls on MieConnee- 
tieut, by Dr. Deane, these markings .are well ]>re- 
served, and have been recognized by Professor (^wen 
as resembling the skin of the ostrich, and notihat of 
rej)tiles.* Mneh care is required to ascertain the 
precise layer «»f a laminated rock on which an animal 
has walked, hecause tlie impression usually extends 
downward^ through several hiinino' ; and if the 
upper layer originally trodden upon is Avanting, the 
mark of one or more joints, or (*ven in some cases an 
entire to(‘, which sank less d(»ep into the soft ground, 
may di.-ajipear, and yet the remainder of tlie fotUprinl 
he well defined. 

scvofal of the fossil impressions of tho 
ley of ivie Comuc- Counocticut Tcd saiulstono so far exceeds that of anv 

ticur. rSet* Dr. . . , , 

Deftne, Mcrn. of liviiijr ostricli, that naturulists at first were extremely 

Amer. Acad., vol. , , .. 

IV. ih 49.> adverse to the opinion ol their liaving heen made hy 

birds, until the bones and almost (*ntire skeleton of 
the Dinorjiis and of other feathered giants of New Zealand wen* 
discovered. Their dimensions have at least dcstroy(‘d the forct* of 
this particular objection. The magnitude of the imjiressions of the 
feet of a heavy animal, which has walked on soft mud, increases for 
some di'itance below the .surface originally trodden upon. In order, 
therefore, to guard against exaggeration, the casts rather than tin* 
mould are relied on. Tliese easts show that some of the fossil bipeds 
had feet four times as large as tlic ostrich, but not perhaps much 
larger than the Dinornis. 

The eggs of ariotlier gigantic bird, called JEpiorniSy which has 
probably been exterminated by man, have recently be(*n discovered 
in an alluvial deposit in Madagascar. The egg has six times the 

* Thta Fpccimen was in the late small and the largest of the Connecticut 
T)r. Maritell's museum, and indicated a species, 
bird of a size intermediate between the 
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capacity of that of the ostrich ; but, judging from the large size of 
the egg of the Apteryx^ Professor Owen does not l>elieve that the 
Aipiornis exceeded, if indeed it equalled, the iJinornut in stature. 

Among the supposed bipedal tracks, a single distinct animal only 
has ])een observed of feet in which there are four toes directed for- 
wards. In this case a series of four footprints is seen, each 22 
inches long and 12 wide, with joints much resembling those in th*' 
toes of birds, l^ofes.'tor Agassiz has suggested that it might have 
belonged to a gigantic bipedal batrachian. Other naturalists have 
ealletl our attention to the fact, that some quadrupeds, when wrdk- 
ing, plaee the hind foot so pri'ciscly on the spot ju>t quitted by the 
I’ore foot, as to produce a single line of impriutN like those of a 
bip4‘d ; and Mr. VVaterhouAC Hawkins has remarked that certain 
Species of frogs and lizards in Australia have the two outer 
so slightly developed and so much raised that tlicy might leave 
tridjK-tylous footjuints on mud aini sand. Another osteologist, Dr. 
la id}', in tin* I’nited States, ob.served to me tliat the pterodactyl 
was a bipedal rej)tile appremching the bird so nearly in the .««tructure 
and shape of its wing-bones and tibiae, that some of these last, 
obtained from the Chalk and Wealden in England, had been mis- 
taken by the highest authorities for true birds* bones. May not the 
foot, thend'ore, of a pterodactyl have equally resembled that of a 
bird ? Be this as it may, the greater number of the American 
iinjn*essions agree so precisely in fm-m ainl size with the foot- 
marks of known living birds, especially with those of waders, that 
we sliall aet most in aecordnnee wdth known analogies by referring 
nio^t of them at present to feathenul, rather than to featherless 
l)ipeds. 

No bones have as yet been met with, whether of pterodactyl or 
liird, in the rocks of the Connecticut, but there are numerous copro- 
lit(*s ; and an ingenious argument has been derived by Dr. Dana 
from the analysis of these bodies, and the ])roportion they contain of 
uric acid, |»hus])liatc of lime, carbonate of lime, and organic matter, 
to sliow that, like guano, they are the droppings of birds rather than 
of reptiles. 

Some of the qinulrupt‘dal footprints which accompany those of 
birds are analogous t(^ European CheirotheriHy and with a similar 
disproportion Uaween the hind and fore feet. Others resemble that 
ri'inarkable reptili*, the Uhy nchosaurus English Trias, a crea- 

ture having some redatiou in its osteology both to chelouians and 
birds. Other imprints, t^ain, iu*e like those of turtles. 

Mr. Darwin, in his “ Jounml of a Voyage iu the Beagle,” informs 
us that the South American ostriches, although they live on vege- 
table matter, such as roots and grass, are repeatedly seen at Bahia 
Blanca (lat. 39*^ S.), on the coast of Buenos Ayres, coming down at 
low' water to the extensive mud-banks which are then dry, for the 
sake, as the Guachos say, of feeding ou small fish.” They readily 
take to the w'ater, and have been seen at the Bay of Sou Bias, and 
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at Port Valdez, in Patagonia, swimming from island to island.* It 
is therefore evident, that in our times a Soutli American mud-bank 
might be trodden simultaneously by ostriches, alligators, tortoises, 
and frogs ; and tlie impressions left, in the nineteenth century, by 
the feet of these various tribes of animals, would not differ from 
each other more entirely than do those nttribiitetl to birds, saurians, 
eheloniaus, and batraehians in the rocks of the (\)nnecticut. 

To determine the exact age of the red sandstolie and shale con- 
taining these ancient footprints in the United States, is not possible 
at present. No fossil shells have yet l>een found in the dejwsit, nor 
])Iants in a determinable state. The fossil tisli are numerous and 
very perfect ; but they are of a j)eciiliar type, which was originally 
referred to the genus Palaiomsem^ but has since, with propri(*ty, 
been ascribed, by Sir Philip Egerton, to a new genus. To this 
lias given the name of Ischt/ptents^ from the great size and stiuniglli 
of the fuleral rays of the dorsal fin (from ierx’^t\ strength, and Trrfpib, 
a fin). They differ from Palaoniscus, ns Air. Redfield first poiiittwl 
out, by having the vertebral column prolonged to a more limited ex- 
tent into the upper lobe of the tail, or, in the language of AI. Airassi/, 
they are less heterocercal. The teeth also, according to Sir P. 
Egerton, who, in 1844, examined for me a fine scries of specimens 
which I procured at Durham, Connecticut, differ from those of Pal<po- 
niscus in being stiong and conical. 

That the sandstones containing these fish are of older date than 
the coal-bearing strata near Richmond in Virginia, which have 
been shown (p. 449.) to be about the age of the European Keupc'r, 
is probable. The high antiquity of the CVmnecticut beds cannot 
be proved by direct superposition, but may be j>resumed from the 
general structure of the country. That structuri? proves thiMii 
to be newer than the movenients to which tlie Appalacliian or 
Alleghany chain owes its flexures, and this chain includes the an- 
cient or palaeozoic coal-formation among its contorted rocks. The 
unconformable position of this JVew lied with ornitliichnites on 
the edges of the inclined primary or paJmozoio locks of the Ap- 
palachians is seen at 4. of the section, fig. 5o2. p. 494. 'J'Jn* ab- 
.scnce of fidi with decidedly lieterocercal tails may afford an argu- 
ment against the Permian age of the formation ; and the opinion 
that the red sandstone is triassic seems, on tlie whole, the be.st that 
we can embrace in the present state of our knowledge. 

In North Carolina, the late Professor PJmmons ha.s described the 
strata of the Chatham coal-field, which corresjioinl in age to those n(»ar 
Richmond in Virginia. In beds underlying tln^m lie has met witli 
three jaws of a small insectivorous mammal, which he has called 
DromatheriuM itylvestre^ closely allied to Spaiacotherium, Its nearest 
living analogue, says Profes.sor Owen. “ is found iff Mynin;cobius ; 
for each ramus of the lower jaw contained ten Hinall molars in a 


* Journnl of Voyage of Beagle, dtc., 2nd edit., p. 89., I84.'5 
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continuous series, one canine, and three conical incisors-^the latter 
l)(*inf5 (liviih»d by short intervals.” There is every reason to lielieve 
that tliis fossil quadruped is at least as ancient as the Microlestes of 
the European Trias above described ; and the fact, as I have already 
remarked, p. 387., is highly important, as proving that a certain low 
gracie of marsupials had not only a wide range in time from the 
Trias to the PurlaH'k or uppermost oolitic strata of Europe, but had 
also a wide range in sptice, namely, from Europe to North America, 
in an east and west direction, and, in regard to latitude, from Stoues- 
iit ld, in o2° N., to that of North Carolina, So"' N. 
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CHAPTER XXIIL 


PERMIAN OR MAGNESIAN LIMESTONE GROUP. 


Fossils of Ma^esian Liinestoiic and I.owcr New Red distinct from the Triassic — 
Term Permian — English and German equivalents — Marine shells and corals ot 
English Magnesian Limestone— Pala'oniscus and other lish of the inarl-slatc — 
Zechsiein and liothliegendes of Thuringia — Pcrmiaii Flora — Its generic uiliiiity 
to the Carboniferous — Psaronites or tree-ferns. 


When the use of the term “ Poikilitic ” was explained in the last 
chapter, I stated, that in some parts of England it is seareely possible 
to separate the red marls and sandstones so called (originally named 
“the New Red”) into two distinct geological systems. Nevertheless, 
the progress of investigation, and a careful comparison of Kiigli'^h 
rocks between the lias and the coal with those* occupying a .similar 
geological position in Germany and Russia, Jiave enabled geologi>t> 
to divide the Poikilitic formation ; ami have even shown that the 
lowermost of tlie two elivisioiis is more clo&ely connected, hy it> fo^>il 
remains, with the carboniferous group than with the trias. If, 
therefore, we are to draw a line between the secondary ami primary 
fossiliferoQS strata, as between the tertiary and secondary, it must 
run through the middle of what was once called tin* “New lied,” 
or Poikilitic group. The inferior lialf of this group will rank as 
Primary or PaUeozic, while it.s upper member will form the base of 
the Secondary or Mesozoic series. For the lower, or Magnesian 
Limestone division of Engli.«*h geologists. Sir R. Murchison propos'd, 
in 1S41, the name of Permian, fnim IVrm, a Russian government 
where these strata are more extensively developed than eLnewlien*, 
occupying an area twice the .size of France, and containing an 
abundant and varied suite of fo.ssils. 

Professor King, in his valuable monograph * of the Permian fossils 
of England, has given a table of tlie following six member^ of the 
Permian system of the north of England, with what he conceives 
to be the corresponding formations in Thuringia. 


North of England. 

1. Crystalline or concretionary, and 

non-crystalline limestone. 

2. Brecciat^ and pseudo-brecciated 

limestone. 

а. Fossili/eroos limestone. 

4. Compact limestone. 

5. Marl- slate. 

б. Inferior sandstones of various co- 

lours. 


ThurinKia. 

1. Stiiikstciii. 

2. Rnuchwackc. 

3. Dolomite, or irpper Zrch^icin. 

4. Zechstein, or Ijttwcr Zcclmteiri. 

.0. Mergel-schiefer, or Kupft-r&diiefcr. 
6. RotblicgcndcH. 


* Falmontographical Society, 1850., Loudon. 
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1 shall proceed, therefore, to treat briefly of tliese subdivisions, 
be^nnniiig with the highest, and referring the reader, for a fuller 
description of the lithological character of the whole group, as it 
occurs in the north of England, to a valuable memoir by l^rofessor 
Sedgwick, published in 1835.* 

CnjstaUine or conerttionary limestone (No. 1.). — This formation 
is seen u[)on the coast of Durham and Yorkshire, between the Wear 
ainl the Tees. Among its characteristic fossils are Schizodus Schlo- 
theimi (fig. 492.) and Mytilus septifer (tig. 494.;. 


rig. A\ri, 



Sf/iizoftui St hlothrnm^ f.dnitz. 

( r}bt.iiliii(- iiiiiiBioiie, eermuii. 


Fig. liiJ. 



Thf of *si/iizipdu$ 

tiuinatus, Kutg. 
rrrniMi.. 


Fig. C-4. . 



Mytilus u p*tf- r Kintr. 
Sjii. Miifihi a tuufutnuia, 

J.iii.t'. Niu . 

Permian erj limi- 

SiuIiV. 


Thest* .‘.hells occur at Hartlepool and Sunderland, where the rock 
u-.Mmics an oolitic and botryoidal character. Some of the bed> in this 
division an* ripjile-inarked; and Mr. King iinagino that the ab>ence 
of corals and the charactt*r of the shells indicate shallow water. In 
>oine ]>arts of tin* coa>t of Durham, where the rock is not crv^talline, 
it contains as much as 44 per cent, of carbonate of magnesia, mixed 
with carbon:itc of lime. In other places — for it is extremely vari- 
able in strnctiin* — it consists chiefly of carbonate of lime, and has 
concret(*d into globular and hemispherical ina>ses, varying from the 
size of a marble to that of a cannon-ball, and radiating from the 
centre. Occasionally earthy and pulverulent beds j>ass inti> cmnpact 
limestone or hard granular dolomite. The stratification is very ir- 
regular, in .M>me places w’ell defined, in others obliterated by the 
concretionary action which has re-arranged the materials of the rocks 
sub^etpiently to their original deposition. Examples of this are seen 
at, Pontefract and Uipon in Yorkshire. 

Tin' hreccinted limestone (No. 2.) contains no fragments of foreign 
rf)cks, but seems composed of the bn*aking-up of the Permian lime- 
stone it.self, about the time of its consolidation. Some of the angular 
inasse.s in 'ryiiemouth Clift* are 2 feet in diameter. This breccia is 
considered by 1^-ofessor Sedgwick as one of the forms of the preced- 
ing limestone, No. 1., ratlier than as regularly underlying it. The 
fragments are angular arnl never water-worn, and appear to have 
heen re-ceineiited on the s])Ot where they were formed. It is, there- 
fore, suggested* that they may have been due to those' internal move- 
ments of the mass which produced the concretionary struetnre ; but 
flic subject is very obscure, and after studying the phenomeuon in 
the Marstuii Koeks, on the coast of Durham, 1 found it iiu|)OSsible 

* Trans. Gcol. Soc. Load., Second Series, vol. iii. p. 37. 
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to form any positive opinion on the subject. Tlic well-known broc- 
ciatod limestones of the Pyrenees appeared to me to present tin* 
nearest analogy, but on n much smaller scale. 

The fossiliferous limestone (No. 3.) is regarded by Mr. King as a 
deep-water formation, from the numerous delicate bryozon which it 
includes. One of those, Fenestella retiformis (tig. 495.), is a very 


Fig. 495. 



a retiformis, Srlilot. 

Sju. Goreoma tnfuntitbultformts, i'*o\K\U\ litit'/torn Jlmtrarea, Phillips 
d. p.irt of the highly inatfinhotl. 

Magnesian Limestone, iluinbleton llilt, near .SumlerhiiiJ.* 


variable species, and has received many different names. It some- 
times attains a large sizi% measuring 8 inches in width. The same 
zoophyte, or ratlier mollusk, with several other British s])ecies, i> 
also found ahundantly in tlie Permian of (rermaiiy. 

Shells of the genera J^rof/netus (fig. 49f> ) and Sfrophttlnsia (fln» 
hitter of allied form with te<*th in the hinge), whieh do not uecur in 


Fig. 4 0. Fijt. 497. 



ProductuM horrfdun, Soir^rby Lmfiuta Ctrdnrnt. 
i I'tcludmg P. cn/vus. S«)w.) (IJiMintx.; 

Sundrrlind and IJiirham. in Magn<>- MaBn»*»ian 
•t.»n L»rn»‘^tone ; Z.rch<t(;in and Limpaon#-; 
Kupferachiefer, German). MarUnlati* Ilur- 

barn , 

'liiuriiigia. 


Fig. 4‘.iS 



Sptnfi r undiitatus, Sow Mm. C'on. 
Tt luKonutrrfa un>tulala. Kliig'^ 
Mrniogr. 

Magnesian Liinrstom*. 


strata newer than the Permian, arc abundant in thi.s divi.sion of the 
series in tlie ordinary yellow magnesian lime.stone. They are ne- 
companied by certain specie.s of Spiri/er { firr. 498.), TAnguUi Crednerit 
(fig. 497.), and other brachiopoda of the true ])rimary or palaeozoic 
type. Some of this same tribe of .‘thclls, sucli n.s Athyris Iioissyi„ 
allied to Terebratula^ are specifically tlie same n.s fi/ssil.s rif the car- 
boniferous rocks. Aviculft^ Arm, and Schizodun (see above, fig. 
492.), and other lamellihraiichiate bivalves, are abundant, but spiral 
univalves are very rare. 


* King's Monograph, PI 2. 
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The? compact limestone (No. 4.) also contains organic rf?niains, 
(?.sp(?cially bryozoa, and is intiniat(?]y connected with the preceding. 
B(?neath it li<‘s the marl-slate (No. 5.), which consists of hard, cal- 
careous 8hah% marl-slate, and thin-bedded limestones. At East 
Thickley, in Durham, where it is thirty feet thick, this slate ha> 
viehled many fine specimens of fossil fish of the genera PalcBO?tiscus, 
Pf/t/opterus, Ca'lacunthuSy and Platysomus^ genera which are all 
found ill the coal-measures of the Carboniferous epoch, and which 
therefore, says, Mr. King, probably lived at no great distance from 
the shore. Hut the Permian species are peculiar, and, for the mo**! 
part, identical with those found in the marl-slate or copper-slate of 
Thuringia. 

Fid *vj. 



RettorciJ outlinr of a fith of th# Pa/^onucus, Ai^aif. 

PaltT tthtmum, liiaiiitiilt'. 


The Pnhrofiiscus above mentioned belongs to that division of 
fisljes which M. Agassiz has called “Heterooercal,” which have their 
tails une<jii:illy bilohate, like the recent shark and sturgeon, and the 
vertebral column running along the upper caudal lobe. (Seeliir. 
oOO.) Tin? “ Iloinocercal ” fish, which compri>e almost all the 


Fig. 500. 


Fig. SOI. 



.sii.uk Shatl. Herring Iritx.) 

Jlrtt'iuct'rcal. iioHto(frcai. 


fXXX) species at present known in the living creation, have the fail- 
fin either single* or eMpially divided ; and the vertebral column stops 
short, and is not pndonged into either lobe. (See fig. 501.) 

Now it is a singular fact, first |H>inted out hy Agassiz, tlnit the 
lieterocercjil form, which is confined to a small number of genera in 
the existing ortuit ion, is universal in the magnesian limestone, and 
all thi* more nneuent formations. It eharneterizes the earlier periods 
of the earth’s history, when*as in the secondary strata, or those newer 
than the IVrmian, the hoinocercal tail predominates. 

A full description has been given hy Sir Pliilip Egerton of the 
species of fish characteristic of the niarl-slale, in Prof. King’s mono- 
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^raph before referred to, where figures of the lelithyolites, whieh are 
very entire and well preserved, will be fi>iin<l. Kveii u siiigh* ^eal4• 
is usually so eharacteristically marked as to iiulieate the gt*iius, and 
sometimes even the particular speci »s. They are oGeii scattered 
through the beds singly, and may be useful to a geologist in deter- 
miuing the age of the rock. 





scalo- ot tith. Magiiesiaii Hint^sionc, 
Fii:. ■'*•3. Fig. 604. 
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The inferior saudstoiirm (Xu. (>., Tab.. ]>. 4u(). ), which lie iK iieath 
tin* inarl-'-hite, coii.-ist of sandstone and .-and, .sejja rating the niag- 
n»*>ian limestone from the cotil, in Yorkshire tind Durham, in sonur 
instances, red marl and gypsum have been fouml assuciatt‘d with 
the-e hrd.<. Tlicy liave hec*n classed with the, magnesian limestone 
by Proti— or Sedgwick, as l>eiiig nearly co-extensive with it in geo- 
graphical ning(*, tJiough their relations are very obscure. In some 
regions we find it stat(*d that the embedded plants tire all speciiicallv 
identical with those of the carboniferous series; and, if so, they 
probably belong to that epoch ; for the true I’erniian tlora aj>pears, 
from the re.-earche.s of MM. Murchison and de Venieuil in liussia, 
and of MM. Geinitz and von Gutbier in Saxony, to be, with few 
exceptions, di.^tinct from that of the coal (i^*e p. 4()l.). 

According to Sir It. Murchison* llie Permian ro<*ks an* compo.sed, 
in Russia, of white limestone, with gyp.sum and whiu? .salt : and of 
red and green grits, occasionally with copper-ore; also magnesian 
iiinestoiies, marl.stones, and conglomerate.^. ‘ 

The country of MansfeJd, in Thuringia, may be called the classic: 
ground of the Lower New Red, or Magnesian Limestone, or Permian 
formation, on the Continent. It consi.sts there principally of, first, 

* Russia and the Ural Mountains, IS-tS ; and Siluria, chap, xii., 1S54. 


supp..^-.! t.. convspon.l with llie JiilVrior or Low. r N\-w I{«il Sai..}- 
sliiiic, wliirli a .-iiiiilar place in Kn^'liind hctwwtj tllC lliatl- 

slatr ninl roal. Its local name of “ Rotlili< "r*iides,” red-hjer^ or 
Kotli-toilt-lic^reiulcs.” red-dend-hfer, was "iv^n by the workmf*n in 
the (ieriiian niin(‘s from its red colour, and because the copper ha>^ 
died nut when tiny reach this rock, which is not metalliferous. It i’-. 
in faci, a *rn*at depo>it of red sandstone and conglomerate, with 
associated porphyry, basaltic trap, and amygdaloiil. 

Ill the “ Ivupferscliief<T,” or inarl-slate, a hi^dily organized rep- 
tile allietl to the living monitor, w'as found in 170<J, which ha^ been 
itametl Protorosaurus, and it remained for a centurv and a quarter 
the ()l(h‘>! known fi»s-il rci»tilc, when, at length, in 1844. the Arche- 
tfosnurus wa< disi'overed in the coal of Simrbnich. near Treves. 

J\rmiaft Florf(,--’-\\ v learn from the inv<*'itigation> of('(»Ioiit4 Vt»n 
(Jutbier, that in the Permian rocks of Saxony in» less tlianfjO «*perie^ 
of fo^^il plants have been met with, 40 of wliicli have not yet been 

Fig. .w. 



n’alchia jnntjorrnis, Sternb. CtTmian, Saxnnv. (flutbuT, 1> ** Vi*r»t<Mnoruugen *Ip« 
pormisohon Sy«t«*inr« in S.ic*h§en, vnl. ii. 1*| \.' 
n. branch. h twig ol the !.iinp. r. leal mafniificd. 


found els(‘wlierc. Two or three of these, as Catamites ffitjns, Sphe- 
uoptvris erosa and S. lohatn, are also met with in the government of 
Perm in Russia. Seven others, and among them iVr?/- 
rnptcris Loshii, Pecopteris arbnresrefis^ and P. similis, I 'l:. se.». 
w'ith several speeii's of lt\ilchia (see fig. oOS.), a genus 
of ('onifers, ealh'd Lpcopodites hy some authors, are \ \ 

common to tin* epal-mensnr(»s. I|i 1 1 

Among the genera also enumerated by Colonel 
Ontliier are the fruit called Cardwenrpan (see fig. Cipv/mr.irTwn oo 
Asteropht/Uitfs, and Anmilaria^ so charaeteristie 
of the Carboniferous period ; also Lepidodefidroth wliiidi 
is common to the Perniiau of Saxony, Thuringia, and Riis.*iia, 
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although not abundant. Noeygerathia (see fig. 510.), supposed hy 
A. Brongniart to be allied to Cycas, U another link between the 
Permian and Carboniferous vegetation. Coni- 
forte, of the Araucariati division, also occur ; 
but these arc likewise met with both in older 
and m‘wer rocks. The plants called Siyillaria 
and Stigmariat so marked a feature in the Car- 
boniferous period, are as yet wanting. 

Among the remarkable fossils of tlu» roth- 
liegendes, or lowest part of the Permian in 
Saxony and Bolnunia. are the silicified trunks of 
tree-ferns called generically Psarotiius. Their 
bark was surrounded by a dense mass of air- 
roots, which often constituted a groat addition 
to the original stem, so as to double or ijinulruple 
its diameter. The same remark holds irooil in 
regard to certain living extra-tropical arb<»res- 
ceiit ferns, particularly thosi‘ of New Zealaml. 

Psaronites are also found in the uppermost 
coal of Autun in France, and in the iipp<*r coal- 
measures of the State of Ohio in the United 
States, but specifically ditfercnt from those of 
the rothliegende^. 'riiey serve to connect the 
Permian flora with the more modern ]K»rtion of 
the pn ceding or carboniferous group. Upon the whole, it is eviihutt 
that tin* P**riiiian plants approach much nearer to the carboniferous 
flora than to tlie triassic ; and the same may be said of the Periniun 
launa. 

* MurchUon'^ Rubsia, vol. li. FI. A. tig 3. 
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CHAPTER XXIV. 


THE COAL, OR CARBONIFEROUS GROUP. 

Carboniferous »>trata in the south-west of England — Su[>crf>osition of Coal-measures 
to Mountain Liinesioiic — ])eparture from this type in North of England and 
Scotland Carboniferous series in Ireland — Section in South Wales— Under- 
elays with Stigmaria- -Carboniferous Flora — Ferns, Lepidodendra, Ef|uisetace£, 
Culamites, Asterophyllites, Sigillariic, Stigmarisc — Conifers — Stcnibergia — 
TrigonocnrjKjii — Grade of Couifene in the Vegetable Kingdom — Absence of 
Aniiiospcrnis- - Coal, how formed — Erect fossil trees — Parkfield Colliery — 
St. Etienne Coal-field — Obliciuc trees or snags — Fossil forests in Nova Scotia — 
K.iin-prints- Purity of the Coal explained — Time required for the accumu- 
lation of the (kiaUmeasures — Hrackish-water and marine strata — Crustaceans 
of the Coal — Origin of Clay-iron-stouc. 


The next group wliich we meet with in the descending order is the 
C'lirboniterous, commonly called ‘‘The Coal;” because it contains 
many beds of that mineral, in a more or less pure state, interstraii- 
hed with sjiiidstones, shales, and limestones. The coal itself, even 
in Great Britain and Belgium, 'where it is most abiindanr, consti- 
tutes but an insignificant portion of the whole mass. In the north 
of England, for example, the thickness of the coal-bearing strata 
lias been estimated by Prof. Phillips at 3000 feet,* while the various 
coal-seams, 20 or 30 in number, do not in the aggregate exceed 60 
feet. 

The carboniferous formation assumes various characters in dif- 
ferent parts even of the Briti>h Islands. It usually comprises two 
very distinct members : Isl, that usually called the Coal-measures, of 
mixed freshwater, terrestrial, and marine origin, often including 
seams of coal ; 2ndly, that named in England the Mountain or Car- 
boniferous Limestone, of purely marine origin, and containing corals, 
shells, and enerinites. 

In the south-western part of our island, in Somersetshire and 
South Wales, the three divisions usually spoken of by English geo- 
logists arc 


1. Coal-incasureB 

2. Millstone- grik 

3. Mountain or 

Carboniferoui 

Limestone. 


f Strata of Bhale, sandstone, and grit, with occasional scams 
\ of coal from 600 to 12.000 feet thick, 
r A coarse quartzose sandstone passing into a conglomernte, 
•j sometimes used for millstones, with beds of shale ; usually 
k devoid of coal ; occasionally abovoiSOO feet thick. 

I A calcareous rock containing marine shells and corals ; 
I devoid of coal ; thickucts variable, sometimes 1 500 feet. 


The inillstoue-grit may be considered as one of the cool-sandstones 
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of coarser texture than usual, with some accompanying shales, in 
which coal-plants are occusioiially fouiitl. In the north of Kurland 
some hands of limestone, with pectens, oysters, and other murine 
shells, occur in this jjrit, just as in the regular coal-measun's, and <*ven 
a few seams of coal. I shall treat, therefore, of the whole j>roup as 
consisting of two divisions only, the Coal-incJisures and the Moun- 
tain Limestone. The latter is fouinl in the southern British coal- 
fields, at the base of the system, or immediattdy in eontaet with the 
subjacent Old Red w^andstone; but as we proc4*ed northwards to 
Yorkshire and Northumherhmd it begins to alternate with triu* coal- 
measures, the two deposits forming together a S4*rii‘s of strata about 
1000 feet in thickness. To this mixed formation succimmIs the great 
ina>s of genuine mountuin limestone.* Farther north, in the Fife- 
shire eoal-field in Soot land, we obstTVO a still wider <h‘|>artnre from 
the type of tlie south of Kiigland, or a more complete int4‘rcalati»>n of 
dense masses of marine liniestiuies with sandstoni‘S i.id >liales con- 
tainimr eoal. 

In Ireland a series of 'sliales and >lates, constituting the baMM»f the 
^lotinrain LimC'^tone. attain so i»ivat a thickness, often n|»waid'' of 
lOnO frrt, a>; r<» be elapsed a si^parntt* division. Fmler tlie^e slales 
i' a ellow Saiid-tom‘, also ron*<id4Tt*d as carbonifenms from it> 
marine fusils althouirh passing into the nnderlxini: l>e>onian. A 
-imilar saml-tone (»l much less thiekne-'* occurs in the ‘'ame position 
in < i!nuce-f4‘r-hire ami South Wale<. 

I he ti»llnwing are the -ui*>!ivi-ioii<i adopted in the geoltigiiail m.'ip 
of Ireland, ^•t)nHtrllct<‘»l by Sir Rit'hard (Jrillitlis : — 


1. ( Trf y*<*r nm] Lon^r - - - , 

2. Mill-r .ne-ijr t 

MMf'.fiLiai Ip per, Mj-fiile (or t^alp*. Aiitf 

I.ow.T - - 

4 t *.trii -aitVro’i. via!e 

V. 1 .'.V ■i*‘v«>'jv /of May.*. Ar.) *.Mih ‘•hriK'S Hn<l 

Ime 


'I'}*!* Kh.-m I ri f 
looo to u’joo 
.a.'it) to I ‘'04/ 

rjoii (itoo 
7oo to 1200 

40«i to 24)4K) 


coAL-Mr A "rur.s. 

In South W alen the c^/al-inea'iun*- iiave b(*4«n asC4‘rtniniMl bvacttial 
mea'^nrentent to attain lh4* extraor4liiiaiy ihi^ kni's^ tif 12,(K)(> fret ; tin* 
k-d' throii"liout. with the cxc.iiiioii of the (.ml ii-. lf, !ij.|i< !iriii'r lo 
liavf bet n formal in water of iniuh ratc f|<'|,ih. diirintr a -low. hut |M r- 
haps int^prmitteiit, dcprcii-ion of tin- [;r<»nn<l, in a reition to whieli 
ritors wore bringing a novor-failin" siipjily <if inii'hiv .•'Oilinn'iit and 
sand. The same an a wai ^oriiotiiiK-H rovi n-d with vii.t foro-t,-. f.ttoh 
as we see in the delta.s oi groat rivfi> in wnnn oliniato'., wiiioli aro 
liahlo to be submerged Wneatli fn.-li or salt water H.»iouhl tJiegmuiid 
sink vertically a few feet. 

In one section near Swan-en, in South Wale., where the total 

* S. .Jg«i. k, Gcol. Trsii* . .S con.l Series, vt,!. iv. ; ntul Pliillit,!.. of Yoik- 
sliirc, Part 2. ' 
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thickncsn of ntrata is 3246 feet, we learn from Sir II. De la Bc^hc 
that there are ten principal masses of saudhtonc. Ono of these Is 
500 feet thick, and the whole of them make together a thickness of 
2125 feet. They are separated by masses of shale, varying in thick- 
ness from 10 to 50 feet. The intercalated coal-beds, sixteen in 
nuiiiher, are gcTierally from 1 to 5 feet thick, one of them, which ha> 
two or tliree layers of clay interposed, attaining 9 feet.* At othei- 
[loiiits in the same coal-field the shales predominate over tlie sand- 
stones. The hr»rizoiital extent of some seams of coal is much greatei 
than that of otliers, but they all present one characteristic feature, 
in having, eacli of them, what is called \i» under chn/. The«e under- 
clays, eo-extciisive with every layer of coal, consist of arenaceou- 
>halc, sonif*tinic‘i called fire-stone, because it can be minle into bricks 
which stand the fire of a furnace. They vary in thickness from 6 
inches to more than 10 feet ; and Sir William I.«ogan first announct-d 
to tin* scientific world in 1841 that they 'were regarded by the colliers 
in Sniitli Wales as an essential accompaniment of each of the one 
hundred seams of coal met with in their coal-field. They are said 

Inrm the /7oor on which the coal rests; and sonic of them have 
:i sliirht admixture of carbonaceous matter, while others are quite 
Idackened l»v it. 

All nf them, as Sir William Logan pointed out, are characterized 
hy eiielo'.ing a jK-culiar sj)cci<‘s of fossil vegetable called Stigmarift^ 
tc» the exelinion of otlu*!' plants. It was also ohscTved that, while 
in the overlving shah*s or ‘‘nuif” of the coal, ferns and trunks of 
tree's abouinl without any Sfigwarup^ and are flattened and cora- 
pri-<ed, tho-e singular plant'- of tin* underclay very often retain their 
natural fornix brandling freely, and sending out their slender leaf- 
like rootlets formerly thought to be leaves, through the nmd in all 
diri'ctians. Se\eral >|»eeies of Sdtjmfuiu had long been known to 
botani<t>, and de>eribed by them, before their position under eaeh 
-earn <*f coal was pointi'd out, and la’fore their true nature a-s the 
root-- of frees was recognized. It was conjectured that they might 
bi* aqiiatie. perlia|>'! floating plant.«, which sometimes extended their 
branehrs and leavos freely in fluid mud, and which were finally ei*- 
vfdoped ill tiu* .^arne mud. 


r.VKHOXlFKROrS FLORA. 

'fhe'-e state ments will siiflict* to convinee the reader Uiat we oan- 
mit arrive* at a satisfae t<»ry theory of the origin of coal until we 
iineh r*-taiiel the* true* nature* of Stigma r in ; and in order to explain 
what is now known e»f this plant, and of others which have contri- 
buteel liv the-ir decay te» pnaUice coal, it will Ik? nee'cssary to offer a 
brief pre liininary sketch of tin* whole earhoniforous flora — an assem- 
blage* of fn.ssil plants with which we are bi'tter aee|uainted than with 
any either which flourisheei antecedently to the Teufiary epoch. It 
slionhl also be marked that Gup|K*rt has ascertaineei that the remains 

• Me;moirf of Gea>l. Sarrer, rol. i. p. 195. 
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of every family of plants scattered through the coal-measures are 
sometimes met with in the pure coal itself — a fact which adds greatly 
to the geological interest attached to this fltira. 

Ferns , — The number of species of carboniferous plants hithc»rto 
dt^scribed amounts, according to M. Ad. Brongiiinrt, to about 500. 
These may perhaps be a fragment only of tlu' t'litire dora, but they 
are enough to show that the state of the vt'getable world was then 
extremely different from that now prevailing. We are struck at 
the first glance with the similarity of many of the ferns to those now 
living, and the dissimilarity of almost all the other fossils except the 


Fig. 511. 



Pecopierii lonehittra. 
(Fott. Flo., 153.) 


Fig. 5 It*. 


n. Sphrnopterin crrnatrt. 
b. p>irt or thf* Ctimc, magnifiptl. 
(Foss. Flo., HJl.) 



Fig. 513. 



Caulopteris prinutva^ Lfndle/. 


Coniferae. Among the ferns, as in the 
case of Pecopteris l‘or example (tig. 511.), 
it is not ahvay.s easy to d(*eide whetlier 
they should be ref(M*red to difTenmt 
genera from those established for th<5 
classification of living speci(‘s; wlutroas, 
in regard to most of the other <jon tem- 
porary tribes, witJi the exception of tln^ 
fir tribe, it is oftim difficult to giies.s the 
family, or even the class, to which they 
belong. The ferns of the Carboniferous 
period arc generally without organs of 
fructification, but in some Hp(;ciineiis 
tIio.se aro well preserved. In tlie general 
absence of such characters, they liave 
been divided into genera distinguished 
chiedy by the branching of the fronds. 
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and the way in whieh tlio veins of the leaves are disposed. The 
larger portion are supposed to have been of the size of ordinary 
European ferns, but some were decidedly arborescent, especially the 
group called Caulopieris by Lindley, and iXm Psaronius oi the upper 
or uew(*st coal-iiieasurcs, before alluded to (p. 462.;. 

All tlie recent tree-ferns belong to one tribe {Pohjpodiacece)^ and 
to a small number only of genera in that tribe, in which the surface 
of the trunk is marked with scans, or cicatrices, left after the fall of 
the froiuls. Thes<^ scars resemble those of Caulopieris (see fig. ol3.). 
No less than 2.>0 fc»rns have already been obtained from the coal- 
strata ; and (^ven if we make some reduction on the ground of 
varieties which have b(‘en mistaken, in the absence of their fructi- 
fication, for species, still the result is singular, because the whole of 
Europe affords at present no mure than sixty indigenous species. 


Fig. h\h. 



Living trop- ferns of different genera. (Ad. Brong.) 

Fig. ftU. Tree-fern from Isle of Bourbon. 

Fib. Cuaihca glauca, Mauritius. 

Fig. 51G. Tree-t'ero from Braiil. 

Lepidodcfidroti. — About 40 species of fossil plants of the Coal 
have bc(*n reftTred to this genus. They consist of cylindrical stems 
or trunks, covered with leaf-scars. In their mode of branching, they 
arc always dichotomous (sec fig. 518.). They are considered by 
Brongniart and Hooker to belong to the Lycopodiaccoiy plants of 
this family bearing cones, with similar sporangia and spores 
(fig. 521.). Most of them grew to the size of large trees. The 
figs. 517 — 519. j-epresent a fossil X.epfdodencIroH, 49 feet long, found 
in JaiTow Colliery, near Newcastle, lying in shale parallel to the 
planes of stratification. Fragments of others, found in the same 
shale, indicate, by the size of the rhomboidal scars which cover 
them, a still greater magnitude. The living club-mosses, of which 
there arc about 200 species, are most abundant in tropical climates. 

B H a 
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Tl>ey usually creep on the ground, but some stand erect, as the 
Lycopodium densum from New Zealand (fig. 520.), which attains a 
height of 3 feet. 


Fig. S17. Fig. SIS. 



Lepidodendron Sternbergii. CoaUmeasiires, near Newcastle*. 

I g 517. Branchine trunk, 49 feet long, supposed to have belonged to L. Sternhereu. 
(Foss. Flo , 203.) 

> 'g. 'iljs. Branching stem with bark and leaves of L. Stt'rnbrreti. (Foss. Flo. 4.) 

1 ig. "ilO. Portion uf same nearer the root ; natural size. (Ibiil.) * 



a. J.ycopodxum den^nm i banks of R. Thames, New Zealand. 

b. branch, natural size. c. part of same, magnified. 


Ill the carboniferous strata of Coalbrook Dale, and in many other 
coal-fields, elongated cylindrical bodies, called fossil cones, named 
Lepidostrohus by M. Adolphe Brongniart, are met with. (See fig. 
o2I.;, They often form the nucleus of concretionary balls of clay- 


Flg. 621. 



а. Lfjudostrofrttsornattu, Brong. Shropshire; half natural sfzp. 

б. portion of a section, showing the large sporangia In their natural posithih »nd each 

supported by its bract or 4cale. 

Spor#*«i in these sporangia, highly magnified. (Hooker, Mem. Ocol. Survey, vol. ii. 
part 2. p. 440.) 

ironstone, and are well preserved, exhibiting a conical axis, around 
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which a great quantity of scales were compactly imbricated. The 
opinion of M. Brongniart is now generally adopted, that the Lepi- 
dostrohus is the fruit of Lepidodendron ; indeed, it is not uncommon 
in Coalbrook Dale and elsewhere to find these strobili or fruits termi- 
nating the tip of a branch of a well-characterized Lepidodendron, 

Equisetacece , — To this family belong two fossil species of the 
Coal, one called Equisetum infundihuliforme by Brongniart, and 
found also in Nova Scotia, which has sheaths, regularly toothed, 
ribbed, and overlapping like those on the young fertile stems of 
Equisetum fluviatile. It was much larger than any living ‘‘Horse- 
tail.” The Equisetum giganteum^ discovered by Humboldt and Bon- 
pland in South America, attained a height of about 5 feet, the stem 
being an inch in diameter ; but more recently Gardner has met with 
one in Brazil 15 feet high, and Meyen gives the height of E, Bogo- 
tense in Ciiili as 15 to 20 feet. 

Calamites , — The fossil plants so called were originally classed by 
most botanists as cryptogamous, being regarded as gigantic Equiseta; 


Fig. 522. 


Fig. 523. 



Catamites cannaformis, Schlot. 
(FobS. Flo., 7'J.) Common in 
English coal. 



Calamites Sucotrii, Brong ^ 
natural size. Common in 
coal throughout Europe. 


for, like the common “ horsetail,” they usually ex- 
hibit little more than hollow jointed stems, furrowed 
externally. (See figs. 522, 523, 524.) 

Mr. Salter stated to me many years ago his con- 
viction that the calamite as frequently represented 
by palaeontologists was in an inverted position, and 
that the conical part given as the top of the stem 
was in truth the root. This point Dr. Dawson and 
I had opportunities of testing in Nova Scotia, in 
1853, whore we saw many erect calamites, having 
their radical termination as in the annexed figure 
(fig. 524.). The scars, from which whorls of vessels 
have proceeded, arc observed at the upper, not the 
lower, end of each joint or internode.* The speci- 
men (fig. 522.), therefore, is no doubt the lower end 
of the plant, and I have therefore reversed its posi- 
tion as given iu the work of Bindley and Hutton. 


Fig. 524. 


BadM termination of 
a Caiamite. Nova 
Scotia. 



* Sec Dawson, Gcol. Quart. Journal, 1854, yo\ x. \\ 35. 
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M. Adolphe Brongniart, following up the discoveries of Germar 
and Corda, has shown in his “ Genres de V^getaux Fossiles,” 1849, 
that many Calamites cannot belong to the Equiseta, nor probably to 
any tribe of flowerless plants. He conceives that they are more 
nearly allied to the Gymnospermous Dicotyledons. They possessed 
a central pith, surrounded by a ligneous cylinder, which was divided 
by regular medullary rays. This cylinder was surrounded in turn 
by a thick bark. Of fossil stems having this structure Brongiiiart 
formed his genus Calamodendron^ which includes many species 
referred by Cotta, Petzholdt, and Unger to the genus Calamitea, 
The Calamodendron is described as smooth externally, its pith being 
articulated and marked with deep external vertical stria 3 , agreeing 
in short with what geologists commonly call a Calamite. Since the 
appearance of Brongniart’s essay, Mr. E. W. Binney has made many 
important discoveries on the same subject ; and Mr. J. S. Dawes has 
published a more complete account of this singular fossil.* Their 

views have been confirmed by 
Professor Williamson of Man- 
chester, who has communicated 
to me a specimen figured in the 
annexed cut (fig. 525.), in which 
we see an internal pith answer- 
ing in character to the Calamo- 
dendron, and yet having outside 
of it another jointed cylinder 
vertically grooved on its outer 
surface, so that in the same 
stem wo have one calamite en- 
veloping another. Yet that 
they both formed j)art of the 
same plant is proved by the 
following circumstances : — 1st. 
Near each articulation of the 
pith radiating spokes arc seen 
to proceed and penetrate the 
ligneous zone. One complete 
whorl or circle of these radii is 
visible in the annexed figure near the bottom of the hollow cavity, 
whilst another and superior whorl is incomplete ; several radii, 
corresponding to the first, remaining, while the rest have been 
broken away, their place being shown by scars which they have 
left. 2dly. In addition to these whorls, called medullary by Pro- 
fessor Williamson, there are seen in other specimens a set of true or 
ordinary medullary rays. 3dly. The woody zone, penetrated both 
y the spoke-like vessels before mentioned and liy the medullary 
rays, is usually reduced to brown carbonaceous matter, preserving 
merely a tendency to break in longitudinal slips, but in some speci- 
mens Its fibrous tissue is retained, and resembles that of Dadoxyhn.. 

* Quart. Journ. Geol. Soc. Loud., 1851, voL vli. p. 196. 


Fig. 525. 



I’ortion of a Calamite^ near the base, showing the 
external cylinder, connected by radiating vessels 
with the cast of the pith. 

Communicated by Prof. W. C. Williamson. 
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4 thly. Outside of this zone again is another cylinder, supposed to have 
been originally a thick cellular bark, nearly equal to one-third of the 
whole stem in diameter, grooved and jointed externally like the pith. 

In conclusion, I may remark that these discoveries make it more 
and more doubtful to what family the greater number of Calamites 
should be referred. Their internal organization, says Professor 
Williamson, was very peculiar ; for while they exhibit remarkable 
affinities with gymnosperinous dicotyledons, the arrangement of 
their tissues differs widely from that of all known forms of gymno- 
sperms. 

Asterophyllites. — The graceful plant represented in the annexed 
figure is supposed by M. Brongniart to be a branch of the Calamo- 
dendrofiy and he infers from its pith and medullary rays that it was 
dicotyledonous. It appears to have been allied, by the nature of its 


Fig. 526. 



Aiterophyllilesfoliosus, (Foss. Flo., 25.) Coal-measures, Newcastle. 


tissue, to the gymnogens, and to Si^illaria* But under the head of 
Asterophyllites many vegetable fragments have been grouped which 
probably belong to different genera. They have, in short, no cha- 
racter in common, except that of possessing narrow, verticillate, 
one-ribbed leaves. Dr. Newberry, of Ohio, has discovered in the 
coal of that country fossil stems which in their upper part bear 
wedge-shaped leaves, corresponding to Sphenophylluniy while below 
the leaves are stalk -like and capillary, and would have been called 
Asterophyllites if found detached. From this he infers that Spheno- 
phyllum was an aquatic plant, the superior and floating leaves of 
which were broad, and possessed a compound nervation, while the in- 
ferior or submersed leaves were linear and one-ribbed. “ This sup- 
position,” he adds, “is further strengthened by the extreme length 
and tenuity of the branches of this apparently herbaceous plant, 
which would spem to have required the support of a denser medium 
than air.” * 

Sigillaria, — A large portion of the trees of the Carboniferous 
period belonged to this genus, of which about thirty-five species are 

* Annals of Science, Cleveland, Ohio, 1853, p. 97. 
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known. The structure, both internal and external, was very pecu- 
liar, and, with reference to existing typos, very anomalous. They 
were formerly referred, by M. Ad. Brongniart, to ferns, which they 
resemble in the scalariform texture of their vessels, and in some 
degree, in the form of the cicatrices left by the base of the leaf- 
stalks which have fallen off (see fig. 527.). But with these points of 
analogy to cryptogamia, they combine an internal organization much 

resembling that of cycads, and some of 
them are ascertained to have had long 
linear leaves, quite unlike those of ferns. 
They grew to a great height, from 30 to 
60, or even 70 feet, with regular cylin- 
drical stems, and without branches, al- 
though some species were dichotomous 
towards the top. Their fluted trunks, 
from 1 to 5 feet in diameter, appear to 
have decayed more rapidly in the interior 
than externally, so that they became 
hollow when standing ; and when thrown 
prostrate on the mud, they were squeezed 
down and flattened. Hence, we find the 
bark of the two opposite sides (now con- 
verted into bright shining coal) to consti- 
tute two horizontal layers, one upon the 
other, half an inch, or an inch, in thickness. These same trunks, 
when they are placed obliquely or vertically to the planes of strati- 
fication, retain their original rounded form, and are uncompressed, 
the cylinder of bark having been filled with sand, which now affords 
a cast of the interior. 

Dr. Hooker still inclines to ^ho belief that the Sigillarice may 
have been cryptogamous, though more highly developed than any 
flowerless plants now living. The scalariform structure of their 
vessels agrees precisely with that of ferns. 

Stigmaria , — This fossil, the importance of which has already been 
pointed out, was formerly conjectured to be an aquatic plant. It is 
now ascertained to be the root of Sigillaria. The connection of the 
roots with the stem, previously suspected, on botanical grounds, by 
Brongniart, was first proved, by actual contact, in the Lancashire 
coal-field, by Mr. Binney. The fact has lately been shown, even 
more distinctly, by Mr. Richard Brown, in his description of the 
StigmaruB occurring in the underclays of the coal-seams of the 
Island of Cape Breton, in Nova Scotia. 

In a specimen of one of these, represented in the annexed figure 
(fig. 528.), the spread of the roots was sixteen feet; and some of 
them sent out rootlets, in all directions, into the surrounding clay. 

In the sea-cliffs of the South Joggins in Nova Scotia I examined 
several erect SigillaricB^ in company with Dr. Dawson, and we found 
that from the lower extremities of the trunk they sent out Stig^ 
mari(B as roots. All the stools of the fossil trees dug out by us 


Fig. g27. 



SigiUaria lisvigata^ Brong. 
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Fig. ftM. 



Stigmarla attached to a trunk of SigtUaria.* 


divided into four parts, and these again bifurcated, forming eight 
roots, wliicli were also dichotomous when traceable fai’ enough. 

The cylindrical rootlets formerly regarded as leaves are now 
shown by more perfect specimens to have been originally attached 
to the root by fitting into deep cylindrical pits. In the fossil there 
is rarely any trace of the form of these cavities, in consequence of 
the shrinkage of the surrounding tissues. Where the rootlets are 
removed nothing remains on the surface of the Stigmaria but row.s 
of mammillated tubercles (see figs. 529, 530,), which have formed 


Fig. 529. 



Stigmaria ficoides^ Brong. ^nat.size. (Foss. Flo., 32.) . 


the base of each rootlet. These protuberances may possibly indi- 
cate the place of a joint at the lower extremity of the rootlet. Rows 
of these tubercles arc arranged spirally round each root, which 
have always a medullary axis and woody system much resembling 
that of Sigillaria, the structure of the vessels being, like it, scalar! - 
form. 

ConifercB , — The coniferous trees of this period are referred to five 
genera ; the woody structure of some of them showing that they were 
allied to the Araucarian division of pines, more than to any of our 
common European firs. Some of their trunks exceeded 44 feet in 
height. Many, if not all of them, seem to have differed from living 
ConifercB in having largo piths ; for Professor Williamson has de- 

* Tho trunk in this case is referred markings assumed by SigiUaria near 
by Mr. Brown to Lepidodendronf but his base, 
illustrations seem to show the usual 
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monstrated the fossil of the coal-measures called Sternbergia to be 
the pith of these trees, or rather the cast of cavities formed by the 
shrinking or partial absorption of the original medullary axis (see 
figs. 531. and 532.). This peculiar type of pith is observed in living 
plants of very different families, such as the common Walnut and 


Fig. 531. 



Fig. 531. Fragment of coniferous wood, Dadoxylon^ 
Kndlicher, frai-tiired longitudinally ; from Coal- 
brook Dale. W. C. Williamson.* 

a. bark. 

b, woody zone or fibre (pleurenchyma). 
r. medulla or pith. 

d. ca»t of hollow pith, or ** Sternbergia.** 


Fig. .532. 



Magnified portion of fig. 531. ; transrerse section, 
c. pith. 5, b. woody fibre. <r, e. medullary rays. 


the White Jasmine, in which the pith becomes so reduced as simply 
to form a thin lining of the medullary cavity, across which trans- 
verse plates of pith extend horizontally, so as to divide the cylin- 
drical hollow into discoid interspaces. When these interspaces have 
been filled up with inorganic matter, they constitute an axis to 
which, before their true nature was known, the provisional name of 
Sternbergia (c/, c?, fig. 531.) was given. 

In the above specimen the structure of the W’^ood (5, figs. 531. and 
532.) is coniferous, and the fossil is referable to Endlicher’s fossil 
genus Dadoxylon, 

The fossil named Trigonocarpon (figs. 533. and 534.), formerly 
supposed to be the fruit of a palm, may now, according to Dr. 
Hooker, be referred, like the Sternbergia^ to the Coniferce, Its geo- 
logical importance is great, for so abundant is it in. the Coal-Mea- 
sures, that in certain localities the fruit of some species may be 
procured by the bushel ; nor is there any part of the formation where 

they do not occur, except the underclays and limestone. The sand- 
* 

* Manchester Fliilos. Mem., vol. ix. 1851. 
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Fig. KM. 



Trigonocarpum olivee/orme^ Lindley, with 
Its fleshy envelope. Felling Colliery, 
Newcastle. 

stone, ironstone, shales, and coal itself, all contain them. Mr.Binney 
has at length found in the clay-ironstone of Lancashire several 
specimens displaying structure, and from these, says Dr. Hooker, we 
learn that the Trigonocarpon belonged to that large section of exist- 
ing coniferous plants which bear fleshy solitary fruits, and not cones. 
It resembled very closely the fruit of the Chinese genus Salisburia, 
one of the Yew tribe, or Taxoid conifers. In five of the fossil 
specimens there is evidence of four distinct integuments, and of a 
large internal cavity filled with carbonate of lime and magnesia, and 
probably once occupied by the albumen and embryo of the seed. The 
general form of the fossil when perfect is an elongated ovoid, rather 
larger than a hazel-nut. The exterior integument is very thick and 
cellular, and was no doubt once fleshy (see fig. 534,). It alone is 
j)roduced beyond the seed, and forms the beak. The second coat was 
thinner, but hard, and marked by three ridges. This coat, being 
all that commonly remains in a fossil state, has suggested the name 
of Trigonocarpon, Within this were the third and fourth coats, 
both of which are very delicate membranes, and may possibly have 
been two plates belonging to one membrane. 

Grade of the Carboniferous Flora. — On the whole, these fruits, 
says Dr. Hooker, are referable to “a highly developed type, ex- 
hibiting extensive modifications of elementary organs for the pur- 
pose of their adaptation to special functions, and these modifications 
are as great, and the adaptation as special, as any to be found amongst 
analogous fruits in the existing vegefiable world.”* Professor 
Williamson, in his paper on Sternbergia^ has likewise remarked that 
its structure was complex, and that at a period so early as the car- 
boniferous all the now-existing forms of ^vegetable tissue appear to 
have been created.” These observations deserve notice, because a 
question has arisen, whether the Coniferce hold a high or a low 
position among flowering plants^ — a point bearing directly on the 
theory of progressive development. By some botanists all the Gym- 
nospermous Dicotyledons are regarded as inferior in grade to the 
Angiosperms. Others hold, with Dr. Hooker, that the Gymnosperms 

♦ Proceedings of the Royal Society, vol. vii., March 1854 , p. 28 . 
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are not inferior in rank, having every ty]>ical character of the dico- 
tyledons liighly developed. Thus Conifwaj have flowers, and are 
propagated by seeds which are developed through the mutual action 
of the stamens and ovules ; they have dicotyledonous and polycoty- 
ledonous embryos, and germinate in the same manner as other di- 
cotyledons. The seed-vessel (or ovary) is not closed, but this is also 
the case in some genera of angiospenns, in which the ovary is open 
before or after impregnation, so that this character cannot be relied 
on as constituting a fundamental diflercnce in structural develop- 
ment. TheConife rm are exogenous, and have the same arrangement 
of pith, wood, bark, and medullary rays as have the typical tlicoty- 
ledonous trees. Whether the woody iibre with discs characleristie 
ol Coniterm ]>e a more or a h'ss complex tissue than tlie spiral vessels, 
is a controverted point. As the spiral vessels <u'cur in the young 
shoots, and are lost in the mature growth of some i>lants, and a> 
they appear in many acrogens, they do not seem to mark a higli 
development. Ju fine, tliere is much amhiguity in deciding what 
should or should not be called high or low iii vegetable structure, 
and \»hyslologlsis entertain very ditfereut iibslruct ideas as to the 
perfection of certain organs and tlieir relative functional impi>rtance, 
even where the function is clearly ascertained. It is enough for the 
geologist to know, that fossil Couiferse abound in the oldest rocks, 
yielding a considerable number of vegetable remains, and that plants 
of this order lay claim, if not to the highest, at least to so high a 
place in the scale of vegetable life, as to preclude us from charac- 
terizing the carboniferous flora as consisting of imperfectly developed 
plants. 

Although our data are confessedly too defective to entitle us to 
generalize respecting the entire vegetable creation of this era, yet wo 
may affirm that so far as it is known it diftered widely from any 
flora now existing. The comparative rarity of Monocotyledons and 
of Dicotyledonous Aiigiosperms seems clear, and the abundance of 
Ferns and Ly copods may justify Adolphe Brongniart in calling the 
primary periods the age of Acrogens * (•* Ic regue dcs Acrogens 
As to the Sigillariae and Calamitcs, they seem to have been distinct 
from all tribes of now-existing plants. That the abundance of ferns 
implies a moist atmosphere, is admitted by all botanists ; but no safe 
conclusion, says Hooker, can be drawn from the Coniferse alone, as 
they are found in hot and dry and in cold and dry climates, in hot 
and moist and in cold and moist regions. In New Zealand the 
Coniferae attain their maximum in numbers, constituting ^V*^d part 
of all the flowering plants ; whereas in a wide district around the Cape 
of Good Hope they do not form phenogamic flora. 

Besides the conifers, many species of ferns flourish in New Zealand, 
some of them arborescent, together with many lycopodiums ; so that 
a forest in that country may make a nearer approach to the carbo- 
niferous^vegetation than any other now existing on the globe. 


* For terminology of classification of plants, sec above, note, p. 331 . 



COAL, now FORMED. 


477 


Ch. xxivo 

Angiosperms. — Some of the <rrafsfi-like leaves tcrme/l 
Poncites, havirif^ fine longitudinal striae, are conjec- 
tured to belong to Monocotyledons ; but the deter- 
mination is doubtful, as some of tliem may be the 
leaves of Lepulodendra, others the stems of Ferns. 

The curious plants culled AntholUhes by Lindley 
have usually been considered to be flower-spik(!s, 
having what seems a calyx and linear petals (see 
fig. 53o.). Hooker suggested that tlicy might 

bo tul*ts of young leaves like those of the larch, but, 
ai’tcT seeing the most perfect specimens, he no longer 
thought them oniferous, but resembling rather the 
si)ike of a highly organized plant in full flower, such 
Hs one of the Hromeliace®, to which Professor Lindley 
first compureil tlnmi. In the absence, however, of 
all structure, the aflinitics of these fossils are still considered very 
uncertain. 

Coaly how formed. — Erect trees. — I shall now consider the manner 
in wliicli the above-rneutioiied plants are embedded in the strata, and 
liow they may liavo contributed to produce coal. Professor Gdpperf, 
after examining the fossil vegetables of the coal-fields of Germany, 
has detected, in beds of pure coal, remains of plants of every fnmily 
hitherto known to occur fossil in the carboniferous rocks. Many 
seams, he remarks, are rich in SigiUarieBy Eepidodendray and Stig- 
maricBy the latter in such abundance as to a])pear to form the bulk of 
tlio coal. In some places, almost all the plants were calamites, in 
others ferns.* “ Some of the plants of our coal,” says Dr. Buckland, 

“ grew on the identical banks of sand, silt, and mud whicli, being 
now indurated to stone and shale, form the strata that accompany 
the coal ; whilst other portions of these plants have been drifted to 
various distances from the swamps, savannahs, and forests that 
gave them birth, particularly those that are dispersed through the 
sandstones, or mixed with fishes in the shale beds.” “ At Balgray, 
three miles north of Glasgow,” says the same author, “ I saw in 
the year 1824, as there still may be seen, an unequivocal example 
of the stumps of several stems of lai’ge trees, standing close to- 
gether in their native place, in a quarry of sandstone of the cosil- 
formation.” f 

Between the years 1837 and 1840, six fossil trees were discovered 
in the coal-fields of Lancashire, where it is intersected by the Bolton 
railway. They were all in a vertical position, with respect to the 
plane of the bed which dips about 15° to the south. Tlie distance 
between the first and the last was more than 100 feet, and the 
roots of all were embedded in a soft argillaceous shale. In the same 
plane with the roots is a bed of coal, eight or ten inches thick, 
which has been found to extend across the railway, or to the distance 

* Quart. Gcol. Jonrn., vol. v., Mem., p. 17. 

f Aiiiiiv. Address to Gcol. Sue., 1840. 
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of at least ten yards. Just above the coverinj^ of the roots, yet 
beneath the coal-seam, so large a quantity of tlie Lepidostrobus 
variabilis was discovered enclosed in nodules of hard clay, that 
more than a bushel was collected from the small openings around 
the base of the trees (see figure of this genus, p. 468.). The exterior 
trunk of each was marked by a coating of friable coal, varying from 
one quarter to three quarters of an inch in thickness ; but it 
crumbled away on removing the matrix. The dimensions of one of 
the trees is 15^ feet in circumference at the base, feet at the top, 
its height being 11 feet. All the trees have large spreading roots, 
solid and strong, sometimes branching, and traced to a distance of 
several feet, and presumed to extend much farther. Mr. llawk- 
shaw, who has described these fossils, thinks that, although they 
were hollow when submerged, they may have consisted originally 
of hard wood throughout; for solid dicotyledonous trees, when 
prostrated in tropical forests, as in Venezuela, on the shore of tin* 
Caribbean Sea, were observed by him to be destroyed in the in- 
terior, so that little more is left than an outer shell, consisting 
chiefly of the bark. This decay, he says, goes on most rapidly 
in low and flat tracts, in which there is a deep rich soil and ex- 
cessive moisture, supporting tall forest-trees and large palms, 
below which bamboos, canes, and minor palms flourish luxuriantly. 
Such tracts, from their lowness, would be most easily submerged, 
and their dense vegetation might then give rise to a seam of coal.* 

In a deep valley near Capel-Coelbren, branching from the higher 
part of the Swansea valley, four stems of upright SUfillnruc 
were seen in 1838, piercing through the coal-measures of S. Wales ; 
one of them was 2 feet in diameter, and one 13i feet high, 
and they were all found to terminate downwards in a bed of coal. 
‘‘ They appear,” says Sir H. De la Beche, “ to have constituted a 
portion of a subterranean forest at the epoch when the lower car- 
boniferous strata were formed.” f 

In a colliery near Newcastle, say the authors of the Fossil Flora, 
a great number of Sigillarice wero placed in the rock as if they had 
retained the po^'ition in which they grew. Not less than tliirty, 
some of them 4 or 5 feet in diameter, were visible within an area 
of 50 yards square, the interior being sandstone, and the bark 
having been converted into coal- The roots of one individual 
were found embedded in shale ; and tlie trunk, after maintaining a 
perpendicular course and circular form for the height of about 10 
feet, was then bent over so as to become horizontal. Here it was 
distended laterally, and flattened so as to be only one inch thick, 
the flutings being comparatively distinct.]; Such vertical stems 
are familiar to our miners, under the name of coal-pipes. One of 
them, 72 feet in length, was discovered, in 1820, near Gosfortli, 
about five miles from Newcastle, in coal-grit, the strata of which 

♦ Hawkshaw, Gcol. Trans., Second and Somerset, p. 143. 

Series, vol. vi. pp. 173. 177., PI. 17. J Lindley and Hutton, Fo 3 S. Flo.. 

t Geol. Report on Cornwall, Devon, Part 6. p. 150. 
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it ponotrated. Tho exterior of the trunk was marked at intervals 
with knots, indicating tho points at which branches had shot off. 
The wood of tho interior had been converted into carbonate of lime; 
and its structure was beautifully shown by cutting transverse slices, 
so thin as to be transparent. (See p. 40.) 

These ‘‘coal-pipes” are much dreaded by our miners, for almost 
every year in the Bristol, Newcastle, and other coal-fields, they are 
the cause of fatal accidents. Each cylindrical cast of a tree, formed 
of solid sandstone, and increasing gradually in size towards the base, 
and being without branches, has its whole weight thrown down- 
wards, and receives no support from the coating of friable coal whicli 
has re[)lacod the bark. As soon, therefore, as the cohesion of this 
external layer is overcome, the heavy column falls suddenly in a 
perpendicular or oblique direction from the roof of the gallery 
whence coal has been extracted, wounding or killing the workman 
who stands 1)cIow. It is strange to reficct how many thousands of 
these trees fell originally in their native forests in obedience to the 
law of gravity ; and how the few which continued to stand erect, 
obeying, after myriads of ages, the same force, are cast down to im- 
molate their human victims. 

It has been remarked, that if, instead of working in the dark, 
the miner was accustomed to remove the upper covering of rock 
from each seam of coal, and to expose to the day the soils on 
which ancient forests grew, the evidence of their former growth 
would be obvious. Thus in South StaiFordshire a seam of coal was 
laid bare in the year 1844, in what is called an open work at 
Parkfield Colliery, near Wolverhampton. In the space of about 
a quarter of an acre the stumps of no less than seventy-three trce.s 
with their roots attached appeared, as shown in the annexed 
plan (fig. 536.), some of them more than 8 feet in circumference. 


Fig. 53C. 



The trunks, broken off close to the root, were lying prostrate in 
* Messrs. Beckett nml Ick, Proceed. Geol. Soc.. vol. iv. p. 287. 
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every direction, often crossing each other. One of them measured 
15, another 30 feet in length, and others less. They were invariably 
flattened to the thickness of one or two inches, and converted into 
coal. Their roots formed part of a stratum of coal 10 inches thick, 
which rested on a layer of clay 2 inches thick, below which was a 
second forest, resting on a 2-foot seam of coal. Five feet below this 
again was a third forest with large stumps of Lepidodendray Cola- 
jnitesy and other trees. 

In the account given, in 1821, by M. Alex. Brongniart* of the 
coal-mine of Treuil, at St. Etienne, near Lyons, he states that 
distinct horizontal strata of micaceous sandstone arc traversed by 
vertical trunks of monocotyledonous vegetables, resembling bam- 
boos or largo Equiseta (fig. 537.). Since the consolidation of the 


Fi^. .**37. 



Section showing the erect position of fi>ssil trees in coal-s.indstonc <it 
St. Etienne. (Alex. Brongniart.) 


Stone, there has been here and there a sliding movement, which has 
broken the continuity of the stems, throwing the upper parts of 
them on one side, so that they are often not continuous with the 
lower. 

From these appearances it was inferred that we liavc here the 
monuments of a submerged forest. I formerly objected to this con- 
clusion, suggesting tliat, in that case, all tlie roots ought to have 
been found at one and the same level, and not scattered irregularly 
through the mass. T also imagined that the soil to which the roots 
were attached should have been different from tlie sandstone in 
which the trunks are enclosed. Having, however, seen calaraitcs 
near Pictou, in Nova Scotia, buried at various heights in sandstone 
and in similar erect attitudes, I have now little doubt that M. Brong- 


* Annales des Mines, 1821 . 
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iiinrt’s view was correct. These plants seem to have grown on a 
sandy soil, liable to be flooded from time to time, and raised by new 
accessions of sediment, as may happen in swamps near the banks 
of a large river in its delta. Trees which delight in marshy 
grounds are not injured by being buried several feet deep at their 
base; and otlier trees are continually rising up from new soils, 
sev(?ral feet above the level of the original foundation of the 
morass. In the banks of the Mississippi, when the water has fallen, 
I have seen sections of a similar deposit in which portions of the 
stumps of trees with their roots in situ appeared at many different 
heights.* 

\Vli(‘n I visited, in 1843, the quarries of Treuil above mentioned, 
the fossil trees seen in fig, 337. were removed, but I obtained proofs 
of other furchts of erect trees in the same coal-field. 

Snags. — In 1830, a slanting trunk was exposed in Cragleith 
quarry, near Edinburgh, the total length of which exceeded 60 feet. 
Its dianuder at the top was about 7 inches, and near the base it 
measured o feet in its greater, and 2 feet in its lesser width. The 
bark was converted into a thin coating of the purest and finest coal, 
forming astrikiiig contrast in colour with the white quartzose sandstone 
in which it lay. The annexed 
figure rei)re>ents a portion of this 
tree, about 15 feet long, which 
I saw exjiosed in 1830, when all 
the strata liad been removed from 
one side. The beds which re- 
mained were so unaltered and un- 
disturbed at the point of junction, 
as clearly to show that they had 
been tranquilly deposited round 

the tree, and that the tiec had inclined position of a fossil tree, cumujt through 
not subsc-quontly pierced through 
them while they were yet in a 27 °. 

soft state. They were composed chiefly of siliceous sandstone, for 
the most part white ; and divided into laminae so thin, that from six 
to fourteen of them might be reckoned in the thickness of an inch. 
Some of these thin layers were dark, and contained coaly matter ; 
but the lowest of the intersected beds were calcareous. The tree 
could not have been hollow when embedded, for the interior still 
])reserved the woody texture in a perfect state, the petrifying matter 
being, for the most part, calcareous.| It is also clear that the lapidi- 
fying matter was not introduced laterally from the strata through 
whiclt the fossil passes, as most of these were not calcareous. It is 
well known that, in the Mississippi and other great American rivers, 
where tbousands'of trees float annually down the streams, some sink 
with their roots downwards, and become fixed in the mud. Thus 
placed they have been compared to a lance in rest ; and so often do 

* Principles of Geol., 9th ed., p. 268. 

f bee figures of texture, Withaiu, Foss. Veget, PI. 3. 
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they pierce through the bows of vessels which run against them, 
that they render the navigation extremely dangerous. Mr. Hugh 
Miller mentions four other huge tminks exposed in quarries near 
Edinburgh, which lay diagonally across the strata at an angle of 
about 30®, with their lower or heavier portions downwards, the 



roots of all, save one, rubbed off by attrition. 
One of these was 60 and another 70 feet in 
length, and from 4 to 6 feet in diameter. 

The number of years for which the trunks of 
trees, when constantly submerged, can resist 
decomposition, is very great ; as we might sup- 
pose from the durability of wood, in artificial 
piles, permanently covered by water. Ilenco 
these fossil snags may not imply a rapid accu- 
mulation of beds of sand, although the channel 
of a river or part of a lagoon is often filled up 
in a very few years. 

Nova Scotia . — One of the finest examples in 
the world of a succession of fossil forests of the 
Carboniferous period, laid open to view in a 
natural section, is that seen in the lofty cliffs 
called the South Joggins, bordering the Chig- 
necto Channel, a branch of the Bay of Fundy, 
in Nova Scotia.* 

In the annexed section (fig. 539.), which T 
examined in July, 1842, the beds from c to / are 
seen all dipping the same way, their average 
inclination being at an angle of 24® S.S.W. 
The vertical height of the cliffs is from 150 to 
200 feet ; and beUvecn d and in which space 
I observed seventeen trees in an upright j)osi- 
tion, or, to speak more correctly, at right angles 
to the planes of stratification, I counted ninot(‘en 
seams of coal, varying in thickness from 2 inches 
to 4 feet. At low tide a fine horizontal section 
of the same beds is exposed to view on (he 
beach. The thickness of the beds alluded to, 
between d and is about 2500 feet, the erect 
trees consisting chiefly of large Sigillariic, oc- 
curring at ten distinct hivels, one above the 
other ; but Mr. Logan, wlio afterwards made a 
more detailed survey of the same line of^cliffs, 
found erect trees at seventeen levels, extending 
through a vertical thickness of 4515 feet of 
strata ; and he ei^timated the total thickin^'^s of 
the carboniferous formation, with and without 


* See Lyell’s Travels in N. America, vol. ii. p. 179. ; and Dawson, Gcol. Journ., 
No. 37. 
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coal, at no less than 14,570 feet, everywhere devoid of marine 
organic remains.* The usual height of the buried trees seen by me 
was from 6 to 8 feet ; but one trunk was about 25 feet high and 4 feet 
in diameter, with a considerable bulge at the base. In no instance 
could I detect any trunk intersecting a layer of coal, however thin ; 
and most of the trees terminated downwards in seams of coal. Some 
few only were based in clay and shale ; none of them, except cala- 
inites, in sandstone. Tlie erect trees, therefore, appeared in gene- 
ral to have grown on beds of coal. In the underclays Stigmaria 
abounds. 

In 1852 Dr. Dawson and the author made a detailed examination 
of one portion of the sfratji, 1400 feet thick, where the coal-seams 
arc* most frequent, and found evidence of root-bearing soils at sixty- 
eight difTercnt levels. Like the seams of coal which often cover 
them, these root-beds or old soils are at present the most destructible 
masses in the whole cliff, the sandstones and laminated shales being 
harder and more capable of resisting the action of the waves and 
the weather. Originally the reverse was doubtless true, for in the 
existing delta of the Mississippi those clays in which the innume- 
rable* roots of the deciduous cypress and other swamp trees ramify 
in all directions are seen to withstand far more effectually the 
undeiinining power of the river, or of the sea at the base of the 
delta, than do beds of loose sand or layers of mud not supporting 
trees. 

This fact may ex])lain why scams of coal have so often escaped 
denudation, and remain continuous over wide areas, since the tough 
roots, now turned to coal, which once traversed them, would enable 
thcfin to resist a current of water, whilst other members of the coal- 
formation, in their original find uncoujsolidated state of sand and 
mild, would be readily removed. 

In regard to the plants, they belonged to the same genera, and 
most of tliem to the same species, as those met with in the distant 
f*oal-fields of Europe. In the sandstone, which filled their interiors, 

I frecpiently observed fern-leaves, and sometimes fragments of Stig- 
which had evidently entered together with sediment after the 
trunk had dec<aycd and become hollow, and while it was still stand- 
ing under water. Tims the tree, a 5, fig. 540., the same which is 
represented at a, fig. 541., or in the bed e in the larger section, 
fig. 539., is a hollow trunk 5 feet 8 inches in length, traversing 
various strata, and cut off at the top by a layer of clay 2 feet thick, 
on which rests a scam of coal (5, fig. 541.) 1 foot thick. On this 
coal again stood two large trees (c and d\ while at a greater height 
the trots/ and g rest upon a thin seam of coal (e), and above them 
is an underelay, supporting the 4-feet coal. 

If we now return to the tree first mentioned (fig. 540.), we find 
the diameter {ali) 14 inches at the top and 16 inches at the bottom, 
the length of the trunk 5 feet 8 inches. The strata in the interior 

* Quart. Geol. Joum., vol. ii. p. 177. 
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consisted of a series entirely different from those on the outside. 
The lowest of the three outer beds which it traversed consisted of 
purplish and blue shale (c, tig. 540.), 2 feet thick, above which was 

Fig. 540. 



Fig. 541. 





Eroct fossil irct*8. Coal-mpasurrs, Vova Sci.tia. 


saiiflstono (/f) I foot thick, ainl, fibov<* this, (*hiy (c) 2 feet 8 iiiclirs. 
But in the interior were nine distinct layers of ditferent eoinposi- 
tiou : at the bottom, first, shale 4 inches, th(*n sandstone 1 fot)t, then 
shale 4 inches, then sandstone 4 inches, tlien sliale 11 iiiclics, then 
clay (f) with nodules of ironstone 2 inches, then pure elay 2 feet, 
then sandstone 3 inches, and, lastly, clay 4 inches. Owinj,^ to tin* 
outward slopfj of the face of the cliff, the section (fig. ."idO.) was not 
exactly perpendicular to the axis of the tree ; and hence, |)rohahly, 
the apparent sudden termination at the base without a stump and 
roots. 

In this example the layers of matter in the inside of tho tree an? 
more numerous than those without ; but it is more common in tin', 
coal-measuros of all countries to find a cylinder of pure sandstone 

the cast of the interior of a tree — intersecting a great many 

alternating beds of shale and sandstone, which originally tuiveloped 
the trunk as it stood erect in tho water. Such a want of corres- 
pondence in the materials outside and inside, is just what we might 
expect if we reflect on the difference of time at which the deposition 
of sediment will take place in the two cases ; the embedding of tho 
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troe having gone on for many years before its decay had made much 
progress. 

Ill mimy places distinct proof is seen that the enveloping strata 
took years to accumulate, for some of the sandstones surrounding 
i rect sigillariari trunks support at different levels roots and stems 
of Cahimites; the; Calatnites having begun to grow after the older 
Sigillaruc had been partially buried. 

The general absence of structure in the interior of the large fossil 
trees of the Coal implies the very durable nature of their bark, as 
c(unpared with their woody portion. The same difference of dura- 
bility of bark and wood exists in modem trees, and was first pointed 
out to me by Dr. Dawson, in the forests of Nova Scotia, where the 
('ano(‘ Birch i^Bctuht papyracea) has such tough bark that it may 
sometimes be seen in the swamps looking externally sound and fresh, 
although consisting simply of a hollow cylinder with all the wood 
<Ieeayed and gone. In such cases the submerged portion is some- 
times found filled with mud. 

Oiuj of the (Tect fossil trees of the South Joggins has been shown 
by Dr. Dawson to have Araucarian structure, so that some Coniferce 
of the Coal jieriod grew in the same swamps as Siyillaria, just as 
)iow the (h'ciduous Cy\trv<s (Taxodium distichum) abounds in the 
marshes of Louisiana even to the edge of the sea. 

When the carboniferous forests sank below high-water mark, a 
sp(‘ci(*s of Spirorbis or Serpula (fig. 545.) attached itself to the out- 
side of the stumps and stems of the erect trees, adhering occasionally 
even to the interior of the bark — another proof that the process of 
envelopment was very gradual. These hollow upright trees, covered 
with innumerable marine annelids, reminded me of a “ cane-brake,” 
as it is commonly called, consisting of tall reeds of Arundinaria 
fiuicrosperMft., which T saw in 1846, at the Balize, or extremity of 
the delta of the Mississippi. Although these reeds are freshwater 
jilants, they were covered wnth barnacles, having been killed by an 
incursion of salt water over an extent of many acres, where the sea 
had for a season iisuri)ed a space previously gained from it by the 
river. Yet the dead reeds, in spite of this change, remained stai^d- 
ing in the soft mud, showing how easily the Siyillarite, hollow as 
they were but supported by strong roots, may have resisted an in- 
cursion of the sea. 

The high tides of the Bay of Fundy, rising more than 60 feet, 
are so destructive as to undermine and sweep away continually the 
whole face of the cliffs, and thus a new crop of erect fossil trees is 
brought into view every tliree or four years. They are known to 
extend over a space between t%vo or three miles from north to south, 
and more than t^ice that distance from east to west, being seen in 
the banks of ^streams intersecting the coal-field. 

In Cape Breton, Mr. Bichard Brown has observed in the Sydney 
coal-field a total thickness of coal-measures, without including the 
underlying millstone-grit, of 1843 feet, dipping at an angle of 80°. 
lie has published minute details of the whole series, showing at how 
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many different levels erect trees occur, consisting of Sigillaria^ Zc- 
pidodendron^ Calamites^ and other genera. In one place eight erect 
trunks, with roots and rootlets attached to them, were scon at the 
same level, within a horizontal space 80 feet in length. Beds of coal 
of various thickness are iiiterstratificd. Taking into account forty- 
one clays, filled with roots of Stigmaria in their natural position, 
and eighteen layers of upright trees at other levels, there is, on the 
whole, clear evidence of at least fifty-nine fossil forests, ranged one 
above the other, in this cotJ-field, in the above-mentioned thickness 
of strata.* 

The fossil shells of Cape Breton and those of the Nova Scotia 
section, consist of species of Vnionidte^ or an allied extinct family. 
None of them agree with any shells known in the marine carboni- 
ferous limestones, lii some strata the shells of an annelid allicMi to 
the genus SpirorbU (see fig. 545.) seem to indicate brackish water ; 
but we ought never to be surprised if, in pursuing the same stratum, 
we should come either to a freshwater or a purely marine deposit ; 
for this will depend upon our taking a direction higher up or lower 
down the ancient river or delta deposit. 

In the strata above described, the association of clays suiiporting 
upright trees, with other beds containing brackish-water shells, im- 
plies such a repeated change in the same area, from land to sea and 
from sea to land, that here, if anywhere, we should expect to meet 
with evidence of the fall of rain on ancient sea-beaches. Accordingly, 
rain-prints were seen by Dr. Dawson and myself at various levels, but 
the most perfect hitherto observed were discovered by iVIr. Brown 
near Sydney in Cape Breton. They consist of very delicate impres- 
sions of rain-drops on greenish slates, with several worm-tracks 
(rt, 5, fig. 542.), such {is usually accompany rain-marks on the recent 
mud of the Bay of Fundy, and other modern beaches. 


Fig. 542. Fig. 543. 



Fig. 542. Carboniferous rain-prints with worm-traclTs (a, hs on green shal^, from Cape 
Breton, Nova Scotia. Natural size. 

Fig. 513. Casts of rain-print8,on a portion of the same slab, ilg .542., seen on the under 
^ side of an incumbent layer of arenaceous shale. Natural size. 

The arrow represents the supposed direction of the shower. 

* Geol. Quart. Journ., vol. ii. p. 393. ; and vol. ri. p. 115. 
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The costs of rain-priuts in figs. 543. and 544., project from the 
under side cf two layers, occurring at different levels, the one a 
sandy shale, resting on the green shale (6g. 542.), the other a sand- 


Fig. 544. 



Casts uf t'iirbniiift'niuf raiii-f>riiits anti shrinkage-crarks (a) on the under side of a 
liiyer of sandstone, Cape Uretun, Nova Scotia. Xaiural size. 


stone presenting a similar warty or blistered surface, on which are 
also observable some small ridges as at a, which stand out in relief, 
and adbrd evidence of cracks formed by the shrinkage of subjacent 
clay, on which rain had fallen. Many of the associated sandstones 
are ri])ple-marked. 

The great humidity of the climate of the Coal period had been 
pn*viously inferred from the nature of its vegetation and the con- 
tinuity of its forests for hundreds of miles ; but it is satisfactory 
to have at length obtained such positive proofs of show-ers of 
rain, the drops of which resembled in their average size those 
which now fall from the clouds. From such data we may presume 
that the atmosphere of the Carboniferous period corresponded in 
density with that now investing the globe, and that different currents 
of air varied then as now in tem}>erature, so as to give rise, by their 
mixture, to the condensation of aqueous vapour. 

The more closely the strata productive of coal have been studied, 
the giHiater has become the force of the evidence in. favour of tlieir 
having originated in the maimer of modern deltas. They display a 
vast thickness cf stratified mud and fine sand without pebbles, and 
in tliem are seen countless stems, leaves, and roots of terrestrial 
plants, free for the most part from all intermixture of marine 
remains — circumstances which imply the persistency in t^e same 
region of a vast body of fresh water. This water was also charged, 
like that of a great river, with an inexhaustible supply of sediment, 
which seems to^ have been transported over alluvial plains so far 
from the higher grounds that all coarser particles and gravel were 
left behind. Such phenomena imply the drainage and denudation 
of a continent or largo island, having within it one or more ranges 
of mountains. The partial intercalation of brackish-water beds at 
certain points is equally consistent with the theory of a delta, the 
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lower parts of which are always exposed to bo overflowed by the 
sea, even where no oscillations of level are experienced. 

The purity of the coal itself, or the absence in it of earthy par- 
ticles and sand, throughout areas of vast extent, is a fact whicli 
appears very difficult to explain when we attribute each coal-st*am 
to a vegetation growing in swamps. It has been asked how, during 
river inundations capable of sweeping away the leaves of ferns and 
the stems and roots of Sigillarue and other trees, could the waters 
fail to transport some fine mud into the swamps ? One generation 
after another of tall trees grew with their roots in mud, and their 
leaves and prostrate trunks formed layers of vegetable matter, wliicli 
was afterwards covered with mud since turned to shale. Yet the 
coal itself, or altered vegetable matter, remained all the while 
unsoiled by earthy particle^. This enigma, however perplexing at 
first sight, may, I think, be solved by attending to what is now 
taking place in deltas. The dense growth of reeds and herb.age 
which encompasses the margins of forest-covered swamps in the 
valley and delta of the Mississippi is such that tlie fluviatib? waters, 
in passing through them, are filtered and made to cl(*ar themselves 
entirely before they reach the areas in which vegetable matter may 
accumulate for centuries, forming coal if the climate be favourable. 
There is no possibility of the least intermixture of earthy matter in 
such cases. Thus in the large submerged tract called tin* “ Sunk 
Country,” near New ^ladrid, forming part of the Avest(‘rn side of thc3 
valley of the Mississippi, erect trees have been standing ever sinc(^ 
the year 1811-12, killed by the great earthquake of that dates 
lacustrine and swamp plants have been grow'ing there in tb(i 
shallows, and several rivers have annually inundat(*(l the whole 
space, and yet have been unable to carry in any sedinn'iit within 
the outer boundaries of the morass, so dense is the marginal belt of 
reeds and brushwood. It may be affirmed that generally in tlio 
“ cypress swamps ” of the Mississi])pi no sediment mingles witli tlui 
vegetable matter accumulated there from the decay of trees and 
semi-aquatic plants. As a singular proof of this fact, I may mention 
that whenever any part of a swamp in Louisiana is drie<l up, during 
an unusually hot season, and the wood set on fire, pits are burnt 
into the ground many feet deep, or as far down as the fire can de.s(*end, 
without meeting with water, and it is then found that scarcely any 
residuum or earthy matter is left.* At the bottom of all tlies(j “ cy- 
press swamps ” a bed of clay is found, with roots of the tall cypress 
( Taxod^um distichum\ just as the underclays of the coal are filled 
with Siigmaria. 

It has been already stated that the carboniferous strata at tlio 
South Joggins, in Nova Scotia, are nearly three miles thick, and 
the coal-measures are ascertained to be qf vast thickness near Tictou, 
more than 100 miles to the eastward. If, thereforo, we speculate on 

♦ Lyell’s Second Visit to the U. S., vol. ii. p. 245. ; and American Jonrn. of 
Science, Second Scries, vol. v. p. 1 7. 
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the probable volume of solid matter, contained in the Nova Scotia 
coal-fields, there appears little danger of erring on the side of excess 
if we take the average thickness of the beds at 7500 feet, or about 
half that ascertained to exist in one carefully-measured section. 
As to the area of the coal-field, it includes a large part of New 
Brunswick to the west, and extends north to Prince Edward’s 
Island, and probably to the Magdalen Isles. When we add the Cape 
Breton beds, and the connecting strata, which must have been 
di nuded or are still concealed beneath the waters of the Gulf of St. 
Lawrence, we obtain an area comprising about 36,000 square miles. 
This, witli the thickness of 7500 feet before assumed, will give 
51,000 cubic miles of solid matter as the volume of the carboniferous 
rocks. 

According to the latest estimate of the annual discharge of water 
by the Mississippi, and the proportion of sediment held in suspension 
in its w'atcrs at different seasons of the year, after making due 
allowance for the sainl and coarser particles pushed along the bottom, 
it would take, according to the late survey of Messrs. Humphreys 
and Abbot, more than a million years for the great river to carry 
down from the continent to the gulf an amount of solid matter equal 
to tliat of the rocks above alluded to.* 

The Ganges, according to the data supplied to me by Mr. Everest 
and Captain Strachey, conveys so much larger a volume of solid 
matter annually to the Bay of Bengal, that it might accomplish a 
similar task in 375,()(X) years. 

, As the lowest of the carboniferous strata of Nova Scotia, like tlie 
mi«ldle and uppermost, consist of shallow-water beds, the whole 
veriical subsidence of three miles, at the South Joggins, must have 
taken place gradually. Even if this depression was brought about 
in the course of 375,000 years, it may have been accomplished at 
the average rate of 4 feet in a century, resembling that novr ex- 
perienced in certain countries, where, whether the movement be 
upward or downward, it is quite insensible to the inhabitants, and 
only known by scientific inquiry. If, on the other hand, it was 
brought about in rather more than a million of years according to 
tlio other standard before alluded to, the rate would be little more 
than a foot in a century. The same movement taking place in an 
upward direction would be sufficient to uplift a portion of the earth’s 
crust to the height of Mont Blanc, or to a vertical elevation of three 
miles above the Itwol of the sea. 

'Ihe delta of the Ganges presents in one respect a striking parallel 
to the Nova Scotia coal-field, since at Calcutta, at the depth of eight 
or ten feet Irom the surface, the buried stools of trees with their roots 
attached liave^ been found in digging tanks, indicating an aueieut 
soil now underground ; and, in boring on the same site for an Arte- 
sian well, to the depth of 481 feet, other signs of ancient forest- 

* Principles of Geolopy, 9ih ed., 1853, p. 273. ; and Antiquity of Man, 
3nl cd.. Appendix D., p. 522. 
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covered lands and peaty soils have been observed at several dcptlis, 
even as far down as 300 feet and more below the level of the sea. 
As the strata pierced through contained freshwater remains of 
recent species of plants and animals, they imply a subsidence which 
has been going on contemporaneously with the accumulation of 
fluviatile rnud. 

In the English coal-fields the same association of fresh, or ratlicr 
brackish-water strata, with marine, in close connection with bi'ds of 
coal of terrestrial origin has been frequently recognized. Thus, 
for example, a deposit near Shrewsbury, probably formed in 
brackish water, has been described by Sir R. Murchison as the 
youngest member of the carboniferous series of that district, at 
tlie point where the coal-measures are in contact with tlie Permian 
or “Lower New Red.” It consists of shales and sund'^tones about 
loO feet thick, with coal and traces of plants; including a bed 
of limestone varying from 2 to 9 feet in thickness, which is cellular, 
and resembles some lacustrine limestones of France and Germany. 
It has been traced for 30 miles in a straight line, and can be 
recognized at still more distant points. The characteristic fossils 
are a small bivalve, liaving the form of a Ct/cins or Cyrciia^ also 
a small entomostracan wlfich may be a Cf/pris, or, if marine, a 
Ci/there (fig. J46.), and the microscopic slndl of an annelid of an 
extinct genus called Microconc/ius (fig. o4o.) allied to Serpiilti or 
Spirorbis, 


I'ig. jl5. 



a Mtrrf.ronrJnis {Spfrorhis) 
cu t botiarniii. Nat . fcizr, 
.iikI 

b, var. uf fiainc. 


Fijr. 54G. 




Clf'pns? tnfliita (or Cpfbrrr^). 
Nv. si/f, ami iiiatjiiifuMl. 
Murchisuu.*' 


00 


In the lower coal-nieasure.s of Coalbrook Dale, the strata, accord- 
ing to Mr. Preatwich, often change completely within v(‘ry short 

<listaiices, beds of sandstone passing hori- 
zontally into clay, and clay into sand- 
stone. The coal-seams often w'cdge out 
or di.sappear; and sections, at places 
nearly contiguous, present marked litho- 
logical distinctions. In tliis single liidd, 
in which tlie strata are from 700 to 800 
feet thick, between forty and fifly 
species of terf-estrial plants have been 
discovered, besides several fishes of the 
genera Meynlichthys^ Holoptychim^ and 
Crustacea also met with, of the genus Limulus (see fig. 

* Silurian System, p. 84. 



Limulm rotundntua^ Pr^/itu'lch. 
(>oal, Coalbrook Dale. 

Others. 
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547. ), resembling in all essential characters the Limuli of the Oolitic 
period, and the king-crab of the modern seas. They were smaller, 
liowever, than the living form, and had the abdomen deeply grooved 
across, and serrated at its edges. In this specimen the tail is wanting ; 
but in another, of a second species, from Coalbrook Dale, the tail is 
seen to agree with that of the living Limulus. 

The perfect carapace of a long-tailed or decaf)od crustacean has 
also been found in the iron-stone of these strata by Mr. Ick (see fig. 

548. ). It is referred by Mr. Salter to Gltfphea^ a genus also occur- 
ring in the Lias and Oolite. There are also 
upwards of forty species of mollusca, among 
which are two or three referred to the fresh- 
water genus Unio^ and others of marine 
forms, such as Naulilits, Orthoceras, Spirifei\ 
and Prodnetns. Mr. Prestwich suggests that 
the intermixture of beds containing fresh- 
water shells with others full of imarine remains 
and the alternation of coarse sandstone and 
conglomerate with beds of fine clay or shale 
containing the remains of plants, may be ex- 
plained by sup])osin«: tlie dc'posit of Coalbrook svn..oVtfw/KW,Miii eK«i«ardj. 

* •' ‘ . . . , , , Tl.i'ol.lcs* iiMir.iiil dctapodior 

JJale to have originated in a bay ot the sea t:oai- 

, 1 * 1^1 1 •111 measure', Coalbrook Dale. 

or estuary into winch flowed a considerable 
river >ul)je<^t to occasional freshes.* 

(Jne or more species of scorpions, two beetles of the family Curcu* 
lionuUe, and a neuropterous insect resembling the genus Corydalis^ 
and another related to PhasmideCy have been found at Coalbrook 
Dale. From the coal of Wetting in Westphalia several specimens 
of the cockroach or Blattn family, aud the wing of a cricket {Acri- 
difes), have heeu described by Germar.f 

More recently (1854) Mr. Fr. Goldenberg has published descrip- 
tions of no less than twelve species of insects from the nodular 
elay-iroii-stone of Saarbriick, near Treves.f They are associated 
with the leaves and branches of fossil ferns. Among them are 


Fig. 54S. 
1 



t/nhea ® duhia. Sa!ter. 


Fig. 549. 



* Prestwich, Gcol. Trans., See. Series, 1842 . 
vol. V. p. 440. j Paloeont, Dunkcr and V. Meyer, 

t See Munster’s Bcitr., vol. v.Pl. 13 ., vol. iv. p. 17 . 
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several BlattiiKP^ three species of ^'europtera^ one beetle of the 
Scarabmts family, a grasshopper or locust, Gryllacris (see fig, 549. ), 
and several white ants or Termites, These newly-added species 
probably outnumber all we knew before of the fossil insects of the 
coal. 

In the Edinburgh coal-field, at Eiirdiehouse, fossil fishes, mollusks, 
and eyprides (?), very similar to those in Shropshire and Staffordsliire, 
have been found by Dr. Hibbert. In the coal-field also of Yorkshire 
there are freshwater strata, some of whicli contain shells referred 
to the family Unionidcc; but in the midst of the series there is one 
tliinbut very widely-spread stratum, abounding in fishes and marine 
shells, such as Gonia fifes Listeri {fig, 550.), Ortboceras, and Avicida 
papyrucedy Goldf. (tig. 551.). 




CiifiiiUitLi Ltsicn\ Martin, sp. 


Arn'ula jinju/rturii, (lolilf. 
(Pi'Ch'H fuipyraccus^ Sow.) 


No similarly intercalated layer of marine shells has been noticed 
in the neighbouring coal-field of Newcastle, wIktc, as in South 
Wales and Somersetsliin*, the marine deposits are entirely below 
those containing terrestrial and freshwater remains.* 

Clay •iron-stone. — Bands and nodules of clay-iron-stone are com- 
mon in coal-measures, and are form(‘d, says Sir 11. De la l>i*clu*, 
of carbonate of iron mingled mechanically with eartliy matter, 
like that constituting the shales. Mr. Hunt, of the iMuseum of 
Practical Geology, instituted a series of ex[)erini(‘nts to illustrate 
the production of tliis substance, and found that decomposing vege- 
table matter, such as would be distributed through all coal .strata, 
]>revented the fiirther oxidation of the jiroto-salts of iron, and con- 
vei'ted the peroxide into protoxide by taking a ])ortioii of its o.xygen 
to form carbonic acid. Such carbonic acid, mei'ting willi the pro- 
toxide of iron in solution, would unite with it and form a carbonate 
of iron ; and this mingling with fine mud, when the excess of car- 
bonic acid was removed, might form beds or nodules of argillaceous 
iron-stone.j 

* rhillij»s; art. “Geology,” Encyc. f ^h'moirs of Gcol. Survey, pj). .01. 
Metrop., p. 592. 255., &c. 
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CHAPTER XXV. 

CARBONIFEROUS GROUP — continued, 

Coiil-fuMs of the United States — Section of the country between the Atlantic and 
Mis.sishippi — Position of land in the carboniferous period eastward of the Al- 
If^hanies — Mechanically formed rocks thinning out westward^ and limestone^ 
tliiekening — Uniting of many coal-seams into one thick bed — Horizontal coal 
at Di'ownsvillc, Pennsylvania — Vast extent and continuity of single seams of 
coal — Aiicicnt river-channel in Forest of Dean coal-iield — Climate of car- 
boniferous period — Insects in coal— lUirity of air-breathing animals — Great 
number of fossil fish — First discovery of the skeletons of fossil reptiles — Foot- 
prints of reptilians — First land-shell found — Karity of air-breathers, whether 
vertei)r;ue or invertebrate, in Coal-measures — Mountain limestone — Its corals 
and marine shells. 

It was stated in the last chapter that a grcjit uniformity prevails in 
the fossil plants of tlie coal-measures of Europe and North America ; 
and I may add that four-fifths of those collected in Nova Scotia have 
been ideiitiiiod witli European species. Hence the former existence, 
at the remote period under consideration (the carboniferous), of a 
continent or chain of islands where the Atlantic now rolls it^s waves 
seems a fair inference. Nor are tliere wanting other and indepen- 
dent proofs of such an ancient hind situated to the eastward of the 
present Atlantic coa>t of North America ; for the geologist deduces 
tliG same conclusion from the mineral composition of the carbonifer- 
ous and some older groups of rocks as they arc developed on the 
eastern flanks of the Alleghanies, contrasted with their character in 
the low country to the westward of tliose. mountains. 

The annexed diagram (fig. 552.) will assist the reader in under- 
standing the phenomena now alluded to, although I must guard him 
against supposing that it is a true section. A great number of 
details have of necessity been omitted, and the scale of heights and 
horizontal distances are unavoidably falsified. . 

Starting from the shores of the Atlantic, on the eastern side of 
tlie Continent, wo first come to a low region (a b), which was called 
the alluvial plain by the first geographers. It is occupied by tertiary 
and cretaceous strata, before described (pp. 240. 306. and 335. \ 
which arc nearly horizontal. The next belt, from b to c, consists of 
granitic rocks (hypogene), chiefly gneiss and mica-schist, covered 
occasionally with unconformable red sandstone. No. 4. (New Red or 
Trias ?), remarkable for its footprints (sec p. 452.). Sometimes, also, 
this sandstone rests on the edges of the disturbed palc.H)zoic rocks (sis 
seen in tlie section). The region (b c), sometimes called the ‘‘ Atlan- 
tic Slope,” corresponds nearly in average width with the low and flat 
plain (a b), and is characterized by hills of moderate height, con- 
trasting strongly, in their rounded shape and altitude, with the long, 



Atlantic and the Mississippi. 
Length from E. to W. 8.S0 miles. 
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steep, and lofty parallel ridges of the Allegliany mountains. The 
outi-crop of the strata in these ridges, like the two belts of hypogeno 
and newer rocks (a b, and b c), above alluded to, when laid down 
on a geological map, exhibit long stripes of different colours, run- 
ning in a N.E. and S.W. direction, in the same way as the lias, 
chalk, and other secondary formations in the middle and eastern half 
of England. 

The narrow and parallel zones of the Appalachians, here men- 
tioned, consist of strata, folded into a succession of convex and con- 
cave flexures, subsequently laid open by denudation. The compo- 
nent rocks are of great thickness, all referable to the Silurian, 
Devonian, and Carboniferous formations. There is no principal or 
central axis, as in the Pyrenees and many other chains — no nucleus 
to which all the minor ridges conform; but the chain consists of 
many nearly equal and parallel foldings, having what is termed an 
anticlinal and synclinal arrangement (sec above, p. 48.). This sys- 
tem of hills extends, geologically considered, from Vermont to Ala- 
bama, being more than ICXX) miles long, from 50 to 150 miles broad, 
and varying in height from 2000 to 6000 feet. Sometimes the whole 
assemblage of ridges runs perfectly straight for a distance of more 
than 50 miles, after which all of them wheel round altogether, and 
take a now direction, at an angle of 20 or 30 degrees to tlie first. 

We are indebted to the state surveyors of Virginia and Pennsyl- 
vania, Prof, W. B. Rogers and his brother Prof. H. D. Rogers, for 
the important discovery of a clue to the general law of structure 
prevailing throughout this range of mountains, which, however sim- 
ple it may appear when once made out and clearly explained, might 
long have been overlooked, amidst so great a mass of complicated 
dctJiils. It appears that the bending and fracture of the beds is 
greatest on the south-eastern or Atlantic side of the chain, and the 
strata become less and less disturbed as we go westward, until at 
length they regain their original or horizontal position. By refer- 
ence to the section (fig. 552.), it will be seen that on the eastern side, 
or in the ridges and troughs nearest the Atlantic, south-eiistern dips 
predominate, in consequence of the beds having been folded back 
upon themselves, as in «, those on the north-western side of each 
arch having been inverted. The next set of arches (such as >t) are 
more o])en, each having its western side steepest ; the next (/) open 
out still more widely, the next (m) still more, and this continues 
until we arrive at the low and level part of the Appalachian coal- 
field (d e). 

In nature or in a true section, the number of bendings or parallel 
folds is so much greater that they could not bo expressed in a dia- 
gram without confusion. It is also clear that largo quantities of 
rock have been removed by aqueous action or denudation, as will 
appear if wo attempt to complete all the curves in the manner indi- 
cated by the dotted lines at t and A. 

The movements which imparted so uniform an order of arrange- 
ment to this vast system of rocks must have been, if not contempo- 



APPALACHIAN CHAIN. 


496 


[Ch. XXV. 


raneous. at least parts of one and the same series, depending on some 
common cause. Their geological date is well defined, at least within 
certain limits, for they must have taken place after the deposition of 
the carboniferous strata (No. 5.), and before the formation of the red 
sandstone (No. 4.). The greatest disturbing and denuding forces 
have evidently been exerted on the south-eastern side of the cliain ; 
and it is here that igneous or plutonic rocks are observed to have 
invaded the strata, forming dykes, not expressed in the section, some 
of which run for miles in lines parallel to the main direction of the 
Appalachians, or N.N.E. and S.S.W. 

The thickness of the carboniferous rocks in the region c is very 
great, and diminishes rapidly as we proceed to the westward. The 
surveys of Pennsylvania and Virginia show tliat the south-east was 
the quarter whence the coarser materials of these strata were derived, 
so that the ancient land lay in that direction. The conglomerate 
which forms the general base of the coal-measures is loOO feet thick 
in the Sharp Mountain, where I saw it (at c) near Pottsville ; wdiereas 
it has only a thickness of 500 feet, about thirty inih-s to the north- 
west, and dwindles gradually away when followed still farther in the 
same direction, until its thickness is reduced to 30 feet.* The lime- 
stones, on the other liand, of the coal-measures augment as we trace 
them westward. Similar observations have been made in regard to 
the Silurian and Devonian formations in New York ; the sandstones 
and all the mechanicallj^-formed rocks thinning out as they go west- 
•ward, and the limestones thickening, as it w(»re, at their expense. It 
is, therefore, clear that the ancient land was to the east, where the 
Atlantic now is ; the deep sea, with its banks of coral and shells to 
the west, or where the hydrographical basin of the Mississippi is 
now situated. 

Li that region, near Pottsville, where the thickness of the coal- 
measures is greatest, there are thirteen seams of anthracitic <;oal, 
several of them more than 2 yards thick. Some of the lowest of 
these alternate with beds of white grit and conglomerate of <!oarser 
grain than I ever saw elscwh(‘re, associated with pure coal. The p(*b- 
bles of quartz are often of the size of a hen’s egg. On following these 
pudding-stones and grits for several miles from Pottsville, by Tama- 
qua, to the Lehigh vSuminit Mine, in company with IMr. II. D., 
llogers, in 1841, he pointed out to me that the coarse-grained strata 
and their accompanying shales gradually thin out, until seven seams 
of coal, at first widely separated, are brought nearer and nearer 
together, until they successively unite ; so that at last they form 
one mass, between 40 and 50 feet thick. I saw this enormous bed of 
anthracitic coal quarried in the open air at Mauch Chunk (or the 
Bear Mountain), the overlying sandstone, 40 feet thick, having be<‘n 
removed bodily from the top of the hill, which, to use the miner’s 
expression, had been “scalped.” Tke accumulation of vegetable 
matter now constituting this vast bed of anthracite, may perhaps, 


* IL D. Rogers, Trans. Assoc. Amcr. Gcol, 1840-42, p. 440. 
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before it was condensed by pressure and tlio discharge of its 
Ilydrog(^ll, oxygen, and other volatile ingredients, have been between 
200 and 300 feet thick. The origin of such a vast tliickness of 
v(*g(‘t:il)le remains, so unmixed with earthy ingredients, can, I think, 
be Jieeountecl for in no other way, than by tJie growth, during thou- 
sands of y(*ars, of fre<is and ferns, in tli(3 mann(*r of peat, — a tlieory 
wliich the presence of the Stigmaria in situ under each of the seven 
layers of anthracite, fully bears out. The rival hypothesis, of the 
drifting of |)lants into a sea or estuary, leaves tlie absence of sedi- 
ment, or, in this case, of clay, sand, and pebbles, wholly unexplained. 

]hit the student will naturally ask, what can have caused so many 
scjinis of coal, after they had been persistent for miles, to come to- 
gether and blend into one single scam, and that one equal in tlic 
aggregate to the thickiu^ss of the several separate seams? Often had 
the same question been j)ut by English miners before a satisfactory 
aiihWCT was given to it ])y the late ^Ir. Bowman. The following is 
liis solution of the problem. Let a a\ fig. 5o3., be a mass of vege- 


Fig. 553. 



Fig. 654. 



table matter, capable, wlien condensed, of forming a 3-foot seam of 
coal. It rests on the underclay h h\ filled with roots of trees in sitUy 
and it siqiporls a growing forest (c d). Suppose that part of the 
same forest i> K had bi*come submerged by the ground sinking down 
2;> feet, so that the trees have been partly thrown down and partly 
ri'inain erc'ct in water, slowly decaying, their stumps and the lower 
parts of their trunks being enveloped in layers of sand and mud, 
which are gradually filling up the lake D F. When this lake or 
lagoon lias at length been entirely silted up and converted into land, 
say, in the course of a century, the forest c D will extend once more 
continuously over the whole area c P, as in fig. 554., and another mass 
of vegetable matter (ft ft')^ forming 3 feet more of coal, may accu- 
mulate from c to F. We then find in the region f, two scams of 
coal (o/ and //') each 3 feet thick, and scqiaratcd by 25 foot of sand- 
stone and shale, with erect trees based upon the lower coal, while, 
between i> and c, wo find these two seams united into a 2-yard coal. 
It may be objected that the uninterrupted growth of plants during 
the interval of a century will have caused tho vegetable matter in 

K K 
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the region c d to be thicker than the two distinct seams a' and g' at 
F ; and no doubt there would actually be a slight excess n‘i>re>CMiting 
one generation of trees with the remains of other }>lants, forming 
half an inch or an inch of coal; but this would not prevent tlie 
miner from atlirming that the seam throughout the area c i>, 
was equal to the two seams a' and g' at i\ 

The reader has seen, by reference to the section (fig. p. 
494.), that the strata of the Appalacliian coal-field assume an 
horizontal position west of the mountains. In that less elevate«l 
eouiitry, the coal-measures are intersected hy three great navigable 
rivers, and are capable of furnishing for ages, to the inhabitants of a 
dens(‘ly peopled region, an inexhanstible supply of fuel. These 
rivers are the Monongahela, the Alleghany, and the Ohio, all of 
which lay upon on their banks tlie level seams of eoal. Looking 
down the first of these at Brownsville, we have a fine view of the 
main seam of bituminous coal 10 feet thick, commonly called the 
IMttsburg seam, breaking out iu the ^tcep clilf at the water’s (»dgo ; 
and I made the accompanying sketch of its appearance* from ih * 
bridge over the river (see fig. ooo.). Here the coal, 10 f(*et thick, is 
covered by carbonaceous shale (^), and this again by micaceous sand- 
stone (c). Horizontal galleries may bo driven everywhere at v(‘ry 
slight expense, and so worked as to drain tln'iii'-elves, while the cars, 
laden with coal and attached to each other, glide down on a railway, 
so as to deliver their burden into barges moored to tin? river’s bank. 
Tlie same seam is seen at a distanee, on tlie right bank (at f/), and 
may be fallo\ved tlic whole way to Pittsburg, lifty miles distant. As 
it is nearly liorizontal, while the river descends it crops out at a con- 
tinually increasing, but never at an inconvenient, height above the 
^Monongahela. Below the great })(‘d of coal at Brownsville is a lirc- 
clay 18 inches tliick, and below this, several beds of limestone, below 
wliich again are other coal seams. 1 have also shown in rny sketeh 
another layer of workable coal (atdd), which breaks out on the 
slope of the hills at a greater lieiglit. Ihu’c almost every proprietor 
can open a coal-pit on his own land, and the stratification being very 
regular, he may calculate with precision the deptli at which coal may 
be won. 

The Appalacliian coal-fiold, of which these strata form a jiart 
(from c to E, section, fig. 552. p. 494.), is rcunarkabh? for its vast 
area ; for, according to Professor 11. D. Jiogers, it stretch(*s continu- 
ously fj*orn N.E. to S.W., for a distance of 720 mihjs, its greati*>t 
w4dth being about 180 miles. On a moderate estimate, its superlicial 
area amounts to 63,000 square miles. 

This coal-formation, before its original limits were reduced by 
d<*nudation, must liave measured 900 miles in length, and in some 
places more than 200 miles in breadth. By again referring to the 
section (fig. 552. p. 404 ), it will be seen that the .Strata of coal are 
liorizontal to the wostwanl of the mountains in tlie region i> k, ami 
become more and more inclined ami I'olded as we proceed eastward. 
Kow it is invariably fouml, as Professor li. D. liogers has shown by 
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cliemicsil analysis, that th(3 coal is most bituminous towards its 
western limit, where it remains level and unbroken, and that it 
becomes proj^ressively debituniinized as we travel south-eastward 
towards the more bemt and distorted rocks. Thus, on the Ohio, the 
proportion of hydrogen, oxygen, and other volatile matters ranges 
from forty to fifty per cent. Eastward of this line, on the Monoiiga- 
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liela, it still approaches forty per cent., where the strata begin to ex- 
pericMiee some gentle flexures. On entering the Alleghany Moun- 
tains, Avliere the distinct anticlinal axes begin to sliow theins(<lves, 
but before the dislocations are considerable, the volatile matter is 
generally in the proportion of eighteen or twenty per ct*nL At 
lengtli, when we arrive at some insulatc‘d coal-lields (o', tig. oo2.) as- 
M)ciated with tlie boldest flexures of the Ap[)alachian chain, where 
the strata have been actually turned over, as near Tot tsville, we 
find the coal to contain only from six to twelve per cent, of bitumen, 
thus beeoming a g(*uuinc anthracite.* 

It appears from the researches of Liebig and other eminent 
chemists, that when wood and vegetable matter are buried in fluj 
eartli exposed to moisture, and partially or entirely excluded from 
tlie air, they decompose slowly and involve earbonio acid gas, thus 
parting with a portion of tlieir original oxygen. J5y this means, 
fln^y become gradually converted into lignite or wood-coal, wliich 
contains a larg(*r proportion of hydrogen than wo‘>d does. A con- 
tinuance of decompl)^ition changes this ligniti^ into common or bitu- 

-..1 1.,, .1,,^ .i: ,..i u,,.i 

gas Ijy wliicli we illuminate our streets and hous(‘s. According to 
Bischotf, tlie intianunable gasi'S whicli an* always <*scaping from 
mineral coal, and are so often the cause of latal acci(li‘nls in mint's, 
always contain carhtinic acid, carburet ted hydrogi*n, nitrogen, and 
uliliant gas. The di>engagement of all thest; gradually transforms 
ordinary or bituminous eoal into anthracite, to which tin? various 
namts of splint-eoal, glance-coal, hard-coal, culm, and many others, 
have be(*n given. 

Wo havt! seen that, in the Appalachian coal-field, tln*re is an 
intimate ctmnection between the extent to wliieh the coal lias parted 
with its ga>eous contents, and the amount of disturbance which the 
strata have undergone. The coincidence of these ])li(*uoinena may 
bo attributed partly to the greater facility afforded for tin* esca ])0 of 
volatile matter, where the fraeturing of the rocks had ])roduce<l an 
intinilc number of cracks and crevices, and also to the lii'at of the 
ga-es and water penetrating these cracks, when the gr(‘at movements 
took i>lace, which have rent and folded tluj Appalacliiaii strata. It 
is well known that, at the prCwSeiit j)erio(l, thermal wafers and hot 
va])ours burst out fj*om the eartJi during eartliquakes, and these 
wr-uld not fail to promote t)ie disengagement of volatile matter from 
tli(' carboniferous rocks. 

Continuity of seams of coal, — As single seams of coal are con- 
tinuous over very wide areas, it has been asked, liow forests could 
Lave prevailed unintemiptcdly over such wide spac(*s. In n*ply, it 
may be said that swamp-foro.sts in one delta may (ixtond for 2o, dO, 
or 100 miles, wliile in a contiguous delta, as on t|ie borders of tho 
Gulf of Mexico, another of precisely th (3 same character may bo 
growing ; and these may in after ages appear to geologists to have 


• Trans, of Assoc, of Amor. Gool., p. 470. 
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been continuous, altliou^'h in fact they were simply contemporaneous. 
Denudation may easily bo imagined in such cases as the cause ofiii- 
terruptions, which were in fact, original. But as in all the American 
coal-lields there are numerous root-beds without any superincumbent 
coal, wo may presume that frequently layers of vegetable matter 
were removed by floods ; and in other cases, whore the stigmaria-clayr, 
are for a certain space covered with coal, and then prolonged witli- 
out any such covering, the inference of partial denudation is still 
more obvious. 

In the Forest of Dean, in Gloucestershire, ancient river-channels are 
found, which i>ass through beds of' coal, and in which rounded pebbles 
of coal occur. They are of older date than the overlj^ing and undis- 
turbed coal-measures. The late Mr. Buddie, who described them to 
me, told nuj he had seen similar phenomena in the Newcastle coal-field. 
Nevertheless, instances of these channels are much more rare than 
we might have anticipate-d, especially wdien we remember how often 
the roots of trees {Stigmarice) have been torn up, and drifted in 
brok(‘n fragments into the grits and sandstones. The prevalence of 
a downward movement is, no doubt, the principal cause which Ini'^ 
saved so many extensive seams of coal from destruction by fluviatile 
action. 

Climate of Coal Period, — So long as the botanist taught that a 
tropical climate was implied by the carboniferous flora, geologi.>f'i 
might well be at a loss to reconcile the preservation of so much veg(*- 
tablc matter with a high temp(*raturc ; for heat hastens the decompo- 
sition of fallen leaves and trunks of trees, whether in the atmosphere 
or in water. It is well known that peat, so abundant in the bogs of 
high latitudes, ceases to grow in the swamps of warmer region>. 
It seems, however, to have become a more and more received opinion, 
that the coal-plants do not, on the whole, indicate a climate resem- 
bling that now enjoyed in the equatorial zone. Tree-ferns range 
far south as the southern part of New Zealand, and Araucarian pines 
occur in Norfolk Island and Chili. A great predominance of ferll^ 
and lycopodiums indicates moisture, equability of temperature, and 
freedom from frost, rather than intense heat; and wx* know too little 
of the sigillari®, calaniites, asterophyllites, and other peculiar form.> 
of the Carboniferous period, to be able to speculate with confidence 
on the kind of climate they may have required. 

Tlie same may bo said of the corals and cephalopoda of the 
Mountain Limestone, — they belong to fiimilies of whose climatal 
habits we know nothing ; and even if they should be thought to 
imply that a warm temperature characterized the northern seas in 
the carbonifi'rous era, the absence of cold may have given rise (as at 
j>rc*s(mt ill the seas of the Bermudas, under the influence of tbo 
gulf-stream) to a very wide geographical range of stone-building 
corals and shell -bearing cuttle-fish, w^itliout its being necessary to 
call in the aid of tropical heat. 
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Where we have evichMiec in a sinp:lo coal-field, as in that of Nova 
Scotia, or of South Wales?, of lift}' or even a hundred ancient forests 
buried one above the other, witli the roots of trees still in their 
original position, and with some of the trunks still remaining erect, 
we are apt to wonder that until the year 1844 no remaiiivS of contem- 
poraneous air-breathing creatures should liavo been discoverer!. No 
vertebrated animals more highly organized than fish, no mammalia 
or birds, no saiirians, Irogs, tortoises, or snakes were known in rocks 
(»f such high anticpiity. In the coal-fields of Europe mention has 
been made of beetles, locusts, and a few other inserts, but no land- 
shells liave even now btrm met with. Agassiz deM'ribed in his great 
work on fossil fishes more than one hundred and fifty species of ich- 
thyolites from the coal-strata, ninety-four belonging to the families of 
sliark and ray, and fifty-eight to the class of ganoids. Some of the.-e. 
fi-sh are v(‘ry remote in their organization from any row li\ ing, espe- 
cially th(»>e of the family called Satfroid by ; n> Metfulirh- 

//if/s, Ifoloptrjvhins^ and otlu*rs, winch were often of great .''ize, and all 
pi'(‘daceoiis. Their o.Nfeology, say-< M. Aga>siz, remimls us in many 
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re'-])ec*ts t>f the skeletons of saurian reptiles, 
both by the close sutures of the bones (»f the 
skull, their large eoiiieal ti*eth striat(‘d longitu- 
dinally (see fig. fjot).), the arti<’ulations ol* the 
spinous procesM's with the vertebra', aud other 
eharaeters. Yet they do not form a family in- 
teriia*diate brtweeii i\<\\ and reptiles but arc 
true Jis/i, though doubtless more highly or- 
ganizctl than any living li>h.* 

'I'lie annexed figure represents a large t<«»tli 
of the //o/o/tft/r/iitfs, found by Mr, Horner in the 
Cannel coal of FifeHhire. Tliis li>h ]»rol>ably in- 
liabited an < 'tiuiry, like many of its contempo- 
raries ami fre<piented b<ith n\<‘rs and the sea. 

At l<*ngtb, in 1844, the first skeleton (»f a trm^ 
reptile was announced from the coal of Miinstm’- 
Appel in Ithcnish Bavaria, l)y 11. von Meyer, 
under the name of Apatcon pvdestris, the 


animal being supposed to be nearly related to the salamanders. Three 


years later, in 1847, Brof. von Dechen found in the coal-field of 


Saarbriick, at the village of Lebacli, between Strasburg and Treves, 
the skeh'tons of no less than three distinct species of air-breath- 
ing reptiles, which were described by the late Ih-of. Goldfuss 
under tJie generic name of Archegosaurns, The iclitliyolitcs and 
plants found in the same strata left no doubt that these remains 


belonged to the true coal iieriod. The skulls, teeth, and the greater 
portions of the skeleton, nay, even a large part of the skin, of two 


Agasfaiz, Poiss. Foss. vol. ii. p. 88; &c. 
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of those reptiles have V>eon 
hiitlifully preserved in tlie 
centre of spJjeroidal ef»ji- 
ereiions of clay-iron -.“tone. 
The laiyest of these lizard 
A rchcgosavrus JJcrhfnt^ 
must liave been 3 feet f> 
inejies long. The annexe d 
drawing represents the 
skull and neck bones of 
the .smallest of the tliree, 
f)f the natural .‘^ize. Tiny 
were considered by Gold- 
fii>s as saurians but by 
Herman von ]M«*yeras iiKi.^t 
nearly allied to the Lahtf- 
rittthtidtm beffU’c mention- 
ed (|). 443.), aiel iherefiire, 
:is having many charaetera 
iiittu'inediate between ba- 
trachian-s and saurian^. 
The remains of the ext re- 
mit u*s l(*ave no doubt that 
they were quadruped.", 
“ provided,’’ says ^^)n 
Meyer, “ with hands and 
feet t4Tnnnating in distinct 
1(a‘s ; but these limbs were weak, serving only for swimming or 
<*r(*ej)ing,” The same anatuniist has puinletl out certain ]H)ints of 

analogy hetween their bones and 
tluwo of the Protata anrjuhitts ; and 
Prof. Owen has observed that tlu*y 
make an approach to the Proteus in 
the sliortne.vs of their ribs. Two 
specimens of these ancietit reptiles 
retain a large part of the outer 
skin, wdiicli consisted of long, nar- 
row 'wedge-shaped, tile-like, and homy scales, arranged in rows 
(see fig. oo8.). 

Chelrotherian footprints in coal-measures^ United States, — In 
1844, the very year when the Apateon or Salamander of the coal 
was first met with in the country betw'eou the Moselle and the 
Rhine, Dr. King published an account of the footprints of a large 
reptile discovered by him in North America. These occur in the 
coal-strata of Gjreensburg, in Westmortdand County, Pennsylvania ; 
and I had an opportunity of examining them in 1846. I was at once 
convinced of their genuineness, and declared my conviction on that 

* Goltlfiiss, Nciic Jcnaischc Lit. Zeit., 1848 j and Von Meyer, Quart Geol. 
Juurii., vol. iv. Misccll. p. 51, 
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point, on which doubts had been entertained both in Europe and the 
United States. The footmarks were first observed standing out in 
relief from the lower surface of slabs of sandstone, restinj^ on thin 
layers of lino unctuous clay. I brought away one of tlicse masses, 
which is represented in the accompany drawing (fig. oot).). It dis- 


Fig. 550. 



Scaie onc-iijrtk tkr original. 

Sltib of sandstone from the rosiUinf'Hsiirfs of Pfiinti with footprints of 

air- breathing reptile and casts ut cracks. 


plays, together with footprints, the casts of crack.s a') of varicms 
sizes. The origin of such cracks in clay, and casts of the same, has 
before been explained, and referred to the drying and shrinking of 
mud, and the subsequent pouring of sand into open crevices. It will 
be seen that some of the cracks, as at 5, c, traverse the footjirints, 
an produce distortion in them, as might have been expected, for tho 
mud must have been soft when the animal walkeJ over it and left 
the inipres.-5ions ; whereas, when it afterwards dried and shrank, 
it would be too hard to receive such indentations. 

No less than twenty-three footsteps were observed by Dr. King in 
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tlio sam(^ cjuarry hc^forn it was abniidoncrl, the greater part of tliem 
so arranged (s<‘C3 lig. 5(50.) on the surface of one stratum as to imply 


Fik rm. 



Series of reptilian fo('tprints in the roal-straM of Westmoreland 
County, lVnn»} Ivama. 
a. Mark of nail ? 


that they wore made suooossively by the same animal. Everywhere 
tliore was a double row of tracks, and in each row they occur in 
])airs, each pair consisting of a hind and fore foot, and each being at 
nearly distances from the next pair. In each parallel row the 
toi's turn the one set to the right, the other to the left. In the 
European Cheirothermmy before mentioned (p. 441.), both the hind 
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and tlie fore foot have each five toes, ami the size of the liind foot is 
about five times as large as the fore foot. In the Anu'rican fossil 
the posterior footprint is not even twice as large as the anterior, 
and the number of toes is iim'qiial, being five in the hiiulin* and four 
in the anterior foot. In this, as in the European Chvirotherium^ one 
too stands out like a thumb, and these thumb-like toes turn the ono 
set to the right, and the other to the left. The Ameriean Cheiro- 
theriiim was evidently a broader animal, and belonged to a distinct 
genus from that of the triassie age in Europe.* 

We may assume that the reptile which left these prints on tho 
ancient sands of the coal-measures was an air-breather, because its 
weight would not have been sutfieient nnd(»r water to have made 
impressions so deep and distinct. Tho same conclu.sion is also borne 
out by the casts of the cracks above described, for they show that 
the clay had been exposed to the air and sun, &o as to ha\ e dried and 
shrunk. 

The geological position of the sandstone of Greensbiir^: is j)eiT<‘ctly 
clear, being situated in the mitlst of the Appalachian coal-iiehl, 
having the main bed of coal, called the Tittsburg seam, above men- 
tioned (p. *198.), 3 yards thick, 100 feet above it, and work(*d in tho 
neighbourhood, with several other seams of coal at lower leN(‘ls. 
The impressions of Lepidodendrony Sigillaruu Siit/wnrift, and other 
characteristic carboniferous plants are found both above and bidow 
the level of the reptilian footsteps. 

Analogous footprints of a largo reptile of still older date were 
afterwards found (1849) at Pottsville, 70 miles N.E. of PIiiladel])hia, 
by Mr. Isaac Lea, in a formation of red shales, called No. XI. by 
Prof. II. D. Rogers, in the State? Siirv(‘y of Pennsylvania, ami n*- 
ferred by him to the base of the coal, but regarded by some geolo- 
gists as the uppermost part of the Old J^ed Sandstone. A fliiekness 
of 1700 feet of strata intervenes between the footprints of Greens- 
burg, before described, and tliesc older Pottsville impressions. In 
tlie same Red Shale, No. XL, the “debatealile ground” betwe(*n 
the Carboniferous and Devonian group, Prof. II. I). Rogers an- 
nounced in 1851 that he had discovered other footprints, nderred 
by him to three species of quadrupeds, all of them live-to(*d and in 
double rows, with an opposite symmetry, as if made by right and 
left fert, while they likewise display the alternation of fore foot and 
hind foot. One species, the largest of the tliree, presents a diameter 
for each footprint of about two inches, ami shows tJjo fore ami hind 
feet to be nearly equal in dimensions. It exhibits a length of stride 
of about nine inches, and a breadth betw(*en tlie right and left l*oot- 
steps of nearly four inches. The impressions of the liind feet are but 
little in the rear of the fore feet. The animal wliich made them is 
supposed to have been allied to a Saurian, rather than to a Jlatra- 
chian or Chelonian. With these footmarks w'erc seen shrinkago 
cracks, such as are caused by the sun’s heat in mud, and rain-spots, 
with the signs of the trickling of water on a wet, sandy beach ; all 
• See LycU’s Second Visit, fitc., vol. ii. p, 305 . 
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confiniiiii" tlio conclusion derived from the footprints, that the 
quadrui)c*<ls hidonj^ed to air-bre:it!iers, and not to aquatic races. 

In 1852 the first osseous remains of a reptile were obtained from 
the; coal-measures of America by Dr. Dawson and myself. Wo de- 
tecled them in the interior of one of tlie erect Si;^illariae before al- 
lude<l to as of such frequent occurrence in Nova Scotia. The trecj 
was about 2 f(*et in diameter, and consisted, as usual, of an external 
cylinder of bark, convi*rt(Ml into coal, and an intt'rnal stony axis of 
black sainlstone, or rather rnud and sand stained black by carbon - 
ace(>us matter, and cemented tojrether with fragments of wood into 
a rock. These* fragments w<*n* in the >tate of cliarcoal, and seem to 
Jiave fallen to the bottom of the he)llow tree while it was rotting 
away. The skull, jaws, and vertebraj of a reptile, j)robably about 
2r,- feet in length {Dfudrerpeton AvAidiauum^ Owen), W(*re scattered 
through this stony matrix. The shell, abo, of a Pupa (*?ee tig. 5fH. 
p. 508.), the first l.ind-sliell ever met with in the coal or in beds 
ohh*r than tin* tertiary, was observe<l in the same stony mass. Dr. 
Wyman of lloston pronounced the reptile to be allied in structure 
to Mcnobranchas and Menopoma^ species of batrachiaii':, now in- 
habiting the North American rivers. The same view was after- 
wards contirnied by Professor Ow'en, who also pointed out the 
resemblance of the cranial ])lants to those seen in the skull of 
Archvgosaaius and Lahyrinthodou* Wliether the creature Ijad 
crept into the hollow tree while its top was still open to the air, or 
Avhether it was washed in with mud during a flood, or in whatever 
other manner it entered, must be matter of conjecture. 

Pt)otj)rints of two reptiles of different sizes had previously been 
obs(*rved by Dr. Harding and Dr. Gesner on rijjple-marked flags of 
the lower coal-measures in Nova Scotia, evidently made by quadru- 
peds walking on the ancient beach, or out of the water, just as the 
recent Menopoina is sometimes observed to do. 

The n*inains of a second and smaller species of Dendrerpeton, D, 
Ou'cni^ Avere also I'ound aeeompanyiiig the larger one, and still re- 
taining some of its dermal appendages ; and in the same tree were the 
hones of a third small lizard-like reptile, Hylonomus Lyelli^ 7 inches 
long, with stout hind limbs, and fore limbs comparatively slender, sup- 
posed by Dr. Dawson to be capable of walking and running on land.l 

In 1854, Prof. Owen described a “sauroid batracbiaii” (Baphetes 
pfaaiceps), of the Labyriuthodon family, obtained by Dr. Dawson 
from the coal of Pictou in Nova Scotia. In 1859, another species of 
Hylonomus, twice as large as that above ineutioned, was met with ; 
and another reptile of the same family, but distinct genus, was ob- 
tain (‘d by Dr. Dawson, named by Owen liylerpeton. Lastly, in 
1862, Mr. Miirsli discovered in the coal-measures of the South 
Joggins in Nova Scotia, two large caudal l>ict)iieave vertebra', 
supposed at first to belong to an PnaliosoTy and called AWawri/jf 

• Geol. Quart. Journ., vol. ix. p. 58. 

f Dawson, Air-Breuthers of the Coal in Nova Scotia. Montreal, 1$63. 
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AcadianuSj but which, IMr. Huxley suggests, may probably be re- 
ferable to a labyriiithudout batrachian. 

Professor Owen had announced the first finding of fossil re])tiliaii 
remains in Britisli coal-measures in 18o3. They wen* n*fcrred to a 
new genus of Batrachoids allied to ArchegosaurUwS, and call(*d Para* 
batrachus. In 1862, a large, new labyrlnthodont reptile, Loxomma^ 
from the Kdinburgli coal-field, was described by l*rof. Huxley, to- 
gether with a seeoiid, from the same series of strata, of anotli(‘r now 
genus, called Pholidogastcr, a specimen of which, containing tlie 
head and nearly the whole vertebral cohnnn, measured 44 inches in 
length. In the same year a third genus, denominat(*d Anthracosattrvsy 
was founded by the same anatomist on a specimen detected by Mr. 
Riu>sell in tin* Airdrie “ black-band ” ironstone of the (Basgow C(»al- 
field. This bibyrinthodont was about 7 feet long, and the skull lo 
inches in length ; lhirty-^even teeth were preserved in its jaws, and 
its vertehrai were highly os.^itied, so as to I’eseinble those of (he 
Tria-'iic lahyrintlnnlonts of tin* Xlastudoiisaiirian ty])(*, whereas 
PhoUdoga5>ter is snppose<l hy Huxley to la' more allied to the 
Archegosaurian divi^ion of lahyriiilhodonts.^ Thus, in nineteen 
years, the skeletons or bones of twelve or inon* sj)eci('s of r(*ptiles 
referred to nine genera have bet‘n exlmined froii' the eoal-in<‘a‘^iires, 
to say nothing of foot|)rints, some of (bom, like that reprcsenti'd at 
fig. , semning to difier i'rom all those to which any of the known 
bones can belong. 

A single species of land-shell. Pupa vefustn, Dawson, see lig. o61., 


Fig. 5«n. 





a. Pupa vetmla^ Dawson. Nat. size. 
h. tli»* >aTn(*, riMKiiificd. 
r. vif'W' (if thf apex. 

d. Aurface striro, magnified 50 diam. 


e, snrf.ire Alriip, of there mil Kiigri'li 

Juntfn n lor niiii|Mrik(iii, iii.igiiiticd .>(» 

/. irnrrdsropic <drnrture of the nhell, iihowing 
hexagonal magnified fjiiO diam. 



was mentionecl as having boon found, in 1S.>2, ifi the interior of an 
erect fossil Sigillaria fn Nova Scotia, p. o07. Dr. Dawson bus siiictt 
discovered another bed at a much lower level, in which the same 
* Huxley, Quart. Gcol. Journ., 1862, 1863 
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shell is very iihundant, a bed separaled from the tree containing 
Dendrerpeton by a mass of strata 1217 f<*et thick, and comprising 
21 seams of coal. This lower bed is an underclay 7 feet thick, with 
stigmarian roothds, and the small land-shells o(*cniTiiiir in it are in 
all stages of growth. They are chiefly confined to a layer about 2 
inchi‘s thick, and are inirriixed with any aijnatic shells. Hiey wi-re 
all originally entin* whim tirnbedded, but are rnn>t r>f them now 
crushed, flattened, and distorted by prc.«.«ure ; they must have been 
ac<!nniulafed, says Dr. Dawson, in mud defiosited in a pond or creek.* 
The late l*rof. (^uekett, to whom I submitted the fn>t specimen 
found in lSo2 for microscojiical examination, obscTved that the 
surfact? striie, on b(*ing magnified 50 diameters, f/, fig. 501., pre- 
sented exactly the same appearance as a portion corresponding in 
siz(‘ of the common English Pupa fig. 501.), and a cross- 

section (»f the fossil shell ( /', ibid.) presents the hexaiional c*ells rnag- 
nifi(‘d 500 diameters, so like those of the recent Pupa that a figure 
of tin* latter is nnnecivssary.l 

Jn a second specimen of an erect stump of a hollow tree 15 inches 
in diameter, the ribbed bark of which showed that it was a Sigillaria, 
and which belonged to the same forest as the specimen examined by 
us in 1S52, Dr. Dawson obtained not only lifiv '-pe<*imens of Vupn 
vetustfi ami nine skeletons of reptiles belonging to four species, but 
also several (‘xamples of an articulated animal resembling the recent 
centi|)ed(i or gally-woi*m. a creature* which feeds on decayed vegetable 
matter, see fig. 5(i2. Under the microscope, the head, with the eyes, 


Fiji. •’‘>02. 



X^iohius Sigiltau\r, Dawson. Coal. Xov.i Sootia. 
b. amorior r-irt, in.itiiiitiea. c. c.nul.il e\trcm 

mandihle, and lahrinn are w«*ll seen. It is interesting, ns being the 
earliest known representative of the myriapods, none of which had 
previously been met with in roeks older than the oolite or litho- 
graphic slate of (ierinany. 

Raritp of Vertebrate and hwertehrate Air-breathers in Coal. 

Before the ciirliest date above iiicutioiied ( 1844) it was common to 
hear geologists insisting on the non-existence of vertebrate animals 
of a higher grade than fishes in the Coal, or in any rocks older than 

* Bftwson, Air-Breathers of ilic Ccal. 
t Quart. Gcol. Jourii., 1853, vol. ix. p, 58. 
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the Permian. Even now, it may be said, that wo have made very 
little progress in obtaining a knowledge of the terrestrial fauna of 
the eoal, since the reptiles above enumerated seem to have been 
almost all amphibious. Negative evidence should have its due 
weight in palieontological reasonings and speculations, but we are as 
yet quite unable to appreciate its value. In the United States, about 
live millions of tons ot* coal are annually extracted from the coal- 
measures, yet I am acquainted with no fossil insect whicli has yet 
been met with in the carboniferous rocks of North America. But, 
as we have detected carboniferous insects in Europe (see? p. 491.), no 
one would now conclude that at the ]>enod of the Uoal this class of 
invertebrata was unrepresented in the forests of the Western World. 
In like manner, no land-shell, no Helix, Buliinu.s, Pupa, or Clausilia, 
nor any aquatic puhnoniferous mollusk, siieh as Limnea or Planorbis, 
is recorded to have eonie from the coal of Euro[)(‘, worked lor cen- 
turies before America was di.<covered, aud now quarried on so 
enormous a scale. But no one would now infer that land->hells had 
not been called into existence in European latitudes until after the 
Carbon iforons period. 

Tlie theory <^if ])rogressive developiiumt might account plausibly 
for tli(‘ absence of Chelonian and Saurian reptiles, or oi’ Birds and 
Mammals, from the Coal-Measures, because it may be supj)Oscd that 
at so early fi staire in the earth’s hi&tory no organic Ixungs liigli(*r 
tlian sanroid hairachians had made their app(‘arance. But tliis 
.'-aine theory loaves tlie scaivity of the invertebrata, or even tlie 
entire absence ot many important section.s of them, wholly um^x- 
j)lained. When we generalize on tliis suhjeet, we must not lurgi.'t 
that, so lately the year IS.H, we knew of only two or thr(*e 
individual hind*>li<41s and some twenty specimens of insiuds, ami 
scarcely double that number of individual rejitiles in carbonift fous 
rocks, and some of lliO'^e reptiles liad been recognized by tlie evidence 
of footprints only. We have still but one spcci<*s of land-shell and 
one centipede*. In regard to Archego.saurus, of which there are two 
species, M. Herman von Miwer informed me suinii years ago that 
tlie remuins of more than 22S individuals jias.sed llirough his hands 
soon after the tru(j nature of the fir>t sjieeimen was reeogni/ed ; 
and we liave seen what great jirogress has sineo been made in bring- 
ing to liglit reptilian g<*nera less aquatic in their organization. 
Nevci*th(;le>s, the rarity of air-breathers is still a very remarkable 
fact, when we reflect that our opportunities of examining strata 
formed in clo.se connection with aiicimit land exceed in this case all 
that we enjoy in r(*gard to any other formations, whetlnn* primary, 
seeondary, or tertiary. Wo liave ransacked hundreds of soils replete 
with the fossil roots of tre(‘S — have dug out liundreds of <*reet trunks 
and >tuinps, wlii(4i .«tood in the position in which they grew — have 
broken nji myriads of enhio feet of fuel still retaining its vegcdahlo 
structure — and, after all, wo continue almost as in\:c;li in tlie dark 
r<*.^[)oetiiig the invcrtebnita air-hz-euthers of this epoch, as if the Coal 
had been thrown down in mid-ocean. The early date of the car- 
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boniferons strata cannot explain the enigma, because we know that 
while the land siipportcMl a luxuriant vegetation, the contemporaneous 
seas swarnnMl with life — with Articulata, Mollusea, Radiata, and 
Fishes. AVe must, therefore, collect more facts, if we expect to 
solve a ])robl(*m which, in the present state of science, cannot but 
excite our w<»iider ; and W(» must remember how much the conditions 
of this problem have? vari(Ml within the last twenty years, VVe mu«t 
Ixi content to impute the scantiness of our data and our present 
perph'xity partly tf) our want of diligence as collectors, and partly 
to oiir want of skill as int(‘rpreters. We must also confess that our 
ignorance is great of tin* laws which govern the fossilization of land- 
animals, whether of high or low degree. 

CARBONirKKOUS OK MOUNTAIN LIM?:STONE. 

It has been already stated (p. 4t>4. ), that this formation underlies 
the Coal-AIea-ures in the South of Kngland and Wales, whereas in 
the North and in Scotland marine limestones alternate with Coal- 
Measures, or with shales and sandstones, sometimes eoiitaining seams 
of Coal. In it.s most calcareous form tin* Mountain Limestone is 
destitute of land-plants, and is loaded wdth marine remains — the 
great ei* part, indeed, of the rock being iinide up bodily ot corals and 
eriiioids. 

The Corals deserve; especial notice, as the cup and star corals, 
which have the; ino>t nnis-Nivc and stony skeleton<, display peculiari- 
ties of structure* by which the*y may be elistiiigul.^he'd, as AIM. Aliliie* 
Kehvarels anel JIaime first judiitexl e)ut, freaii all s|)ecies found in 
strata newer than the Periiiian. There is, iii short, an ancient or 
l^alteozoic, anel a moele*ru or Neozoic tyj)e, if, by the latter term, we 
designate (as pre)pe)sed by Pre)f. K. Forbes) all strata from the 
trias>ie to the* ine>st iiio(le*rn, inclusive. The accompanying eliagrams 
(tigs. 5()3, 5b4.) may illustrate these types ; and, although it may 
not always he* e*asy for any but a praetisenl naturalist to recognize 
the* points of strue*ture here elesoribed, every geologist should uiuler- 
stand them, as the reality of the distinction is of no small theoretical 
inte*re*st. 

It will be seen that the more .incient corals have what is called a 

Fig. .'63. 

rnheoxoir ty|H* of l.iinflliforous e''4»rAl. Order Zoantiiakia hui:osa. Milne Fdw.irds and 

Jule» llrfiine. 

a. Wrtiral 5ertion «f Campophultutn Jit'xt/osum {Cii.vfiopfn.l. 

IniH, Oolilliiss) . 4 ii.it. SUV : iroiii tiiv Dvictn ni i>i thv 
1-iul. 'I'hv /•if;i«7 1 <‘ arv svvn around ilu- ot ilu* 

i'lip ; thv isaiU t‘on^l^t oi vidUiUr ti«Miv ; •aid large 
ti.iiiswrsv platvs, vallwl /n^NAr, d.\ idv thv interior intii 
vli.inihvrs. 

b. Arr.iiigi-nii'nt t»f th«* hunclhr in profunda, Ovr- 

mar. sp. ; n.it mzv: trom thv .Macnv^iau l.inifStonv, 
I>iirhaiii. Thu thagr.iin ih.* ipi uli ip.irtii v ar> 

laiiuvitiriit of ihv lainvDiv rliaiavtvi i^i'v ol pala*o7tnr 
t OI .il>, thvi r bviiii; 4 prim .p.il .ind S liit< rmvdiatr ia- 
iml'tv iht* whoiv iiiiiiibvr in tiu.N (>pc bring always a 
iiiiiltiplr of lour. 

e, Strturta astitr.r/onni'i. Mili’v F.dwaids.^ ^ «>ung group, n.ii. 
M/v. I’pi'i-r Siliiii.ai. ehttiilaiid. 'I'liv laniviuv in vacli 
cup arc di% idl'd by 4 pioiimu'iit ridgvs into 4 groups. 
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Fi^. Mil. 

AViiidrV type of Umelliferoiis ciip.shaiuH! Cor.il. Order /oANTiiutu ahouosa, M. Fd wards and 

J. Ilaimo. 

a. l\irtjsnnliii centr.itt'i. Mant'lt.sp. Vfitie.il soriioo, n.it. s ze. 
I ppor i li.dk. til. iM'M-ini. In tins i\])«>tln‘ ittmilLr .ir»* mas- 

,ind i*\ti mi to the .iM%ol Ioikm* i riiniar tissue, u iihoiitany 
tiaiistersf pl.iie’* liRi* those in lij;. .Ml.J n 

b. Cyothtmt /»orr.*‘ A ivX/r. K.«iw«rils .mil Iliiiiiie. Tiaiisierse seetion, 
eiiinced. (i.itilt. I'olki'stone. In this eor.d the /a///i /Ar .n e .i 
imi liple of SIX. The tweUe |irinei|>.it pl.ites reai-h llie ei'iitr.d 
axis or eoliiinella, .iml hetween eaeh pan there aie rinee se- 

plat**-, in all loit>-eij:ht. 'I'heshoit iolei ineih ite pl.ites 
uhl h ])>iif*etd iioin the eolinneila aie not counted . Tli**> arc 
« .dh d e4i/# 

c. Fhujui L.unk. Kee-nt : leri yi.nnp: st.ite. Di.i^'r.un 

I't Its SIX prnuipd aiul -ix inteini<‘di.i(e sept i, ni.i;;ni(ii‘d. 'i'ln* 
sextuple .11 1. in-^einent Is .d«a}s more iiianiiest in liit* }<>ini|; 
than ill the amdi st.de. 

• liiadripartitc'arrniiGTOniont of tlit* >toiiy platt'^ or htnivJI<c — parts of 
the skeleton wliieli support tin* oriran> of r<‘pro(lnetion. 'Hie miiiil»er 
of tlie.'se hunella* in tlie [v.iheozoie typi' is t, S, !(>, See.; wliile in tln‘ 
newer type tlie miinlier is always (i, ll3, !? t. or Minie other multiple 
of .-six ; and thi> holds irouil, wIietluM* they he siinp!<‘ oiip-likc» forms. 
ii> in litrs. otvh (I and d()4. a, or ag^cjivirate ehisliTs of eups, as in 
.')t)4. r. 

dt is not emmirh. therefore, to say that tln^ primary tn' more an- 
<-ient <-oraU are ‘KMim'ieuIly ami speeifieally dis-imilar from tin* 
>(‘eoinhiry. tertiary. Jind li\ in;r <*i>ral.'', — for, more than this, all the 
mo-t eon'|)i(‘iioa- form's^ viz., tin* cup and star eoraN, heloiiL'’. .'is he- 
foie meiitioiu'd (ji. dll,), to a di^tinet order, althoinjli th(*y are oft(*n 
-•o like in outwartl form as t(» have hneii relernMl in many eases to 
livinir reef-hnihlinjr ;renera. lienee wc* must not to<» eonfnh'ntly draw 
(•<irn*hi'*ioH's fn^m the ni<Ml«*rn to tin* pala'uzoie polyp-. ropeetiiiL'' <*li- 
mate and the tt injieratiire of tlie wafer- of the primeval sea-, inas- 
miieh a- the two gr»nips of z*»ophytes are eon-trueted on e.-sentially 
didereiit types. When tin* Lireal niimher of tin* paheozoie and 
Jieozuie -pLei»*s i.- taken into aceounl, it i- truly wonderful to lind 




I. Ihostmtion haxnl/fforwr, Phil, sp, t T.i~ 
fhnsttoHun ftnatHw. l-h-miiiK; Ashua 
hnsaltijurmis, rniiih. find Ph'Il i K(;n- 
d d ; In l.tmi ; Kii'i'.ifi; Iiiw<i, .iiid KCst- 
w.ird of tlx* Llnitcd StHtes. 

•'D. 1>. Owbii.; 


Lnn^ritih'in Jl tnforwrs < M irtiri, sp.), 
M. I‘.<lw.irds. [t.tfhtisltottonjliinforinr, 
F h'tiiitiK. AO omboiln . ) 

a. yoiin}! hprriiiU'U, wall buds on (ho 

ilisk. 

b. pan ol H rnlUi;r>w i) i ompouiid niA««. 

Bruiol, &c. ; ItiinbiH. 
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how constant tlio rule above explaiucd holds good ; only one excep- 
tion liaving as yet occurred of a quadripartite coral in a neozoic 
fonnation (tlio cretaceous), and one only of the sextuple class (a 
Futigia?) in paheozoic (Silurian) rocks. 

From a great number of larnelliferous corals met with in thr* 
Mountain Limestone, two species have been selected, as having a 
very wide range, extending from the eastern borders of Russia 
to tli(3 llritish Isles, and being found almost everywhere in each 
country. 

These fossils, together with numerous species of Zap/irentis, Am- 
plcxiiSj Cgathopht/llum^ Clisiophyllum^ Syringopora^ and Miche 
Uneasy form a group widely different from any that preceded or 
followed them. 

Of the Bryozody the prevailing forms are Fenestella and Polypora, 
and tln*se often form considerable beds. Their net-like fronds ar<* 
easily recognized. 

Crinoidea are also numerous in the Mountain Limestone. (Sc* 
figs. 5G7, 568.) 



Vyathoci im/i't planus. 
Ml Hit. Ho«ly ami 

arins. Motintain 
Limestone. 



Cyathocf intiS caryncrinoides. M*Cov. 

a. surface of one of the joints of the stem. 

b. |K.*lvis or body ; railed also calyx or cup. 

c. one of the pelvic plates. 


In the greater part of them, the cup or pelvis, fig. 568. is 
greatly developed in size in proportion to the arms, although this is 
not the ease in fig. ob?. The genera Poteriocrinus, Cyaihocrinus. 
J^entrpmites, AnHnocrinus, and Platycrinus are all of them charac- 
teristic of this formation. Other Eehiuodernis are rare, a few Sea 
Urchins only being known : these have a complex structure, with 
many mori* plates on their surface than are seen in the modern 
gtmera of the same group. One genus, the Palecchinus (fig. 569.), 
is the analogue of the modern Echinus, The other, Archtcocidaris, 
represents, in like manner, the Cidaris of the present seas. 

Of Mollusca tlic Brachiopoda (or Palliobranchiates) constitute the 
larger part, and are not only numerous, but often of large size. 
Perhajis the most characteristic shells of the formation ai'o large 

* For figures of these corals, sac Faloeontographical Society's Monographs, 
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species of Productus. such as P. gigavteus, P. hemisph<tricus,^ P. 
semireticulatiis (fig. 570 .), ami 7*. sc«5ricit/«s. Large plaited apirifcrs , 


rip. .iTO. I'ls- 



Paio’chintts (rtfras, M*Cor. Kfiiuctd. protiurtfis st'vurt'tn'ulatus, M.ytm, «p. 

^loLintain I.tmcstunc. < /'• nnistfuntus. S*w.) .Mojinfaiii 

Ireland. I,m)f<fOMo. KnK'**ml ; Iluv<i.i ; llie 

Ando**, S.C. 

ns Spirifrr sfriatvs, S, rotfindntus^ anil /rir/nnaffs (fi;;. •!< I.)» 
aboiiinl ; ,and smooth species, such as Spirij'i r (jlaln r oT-.) with 
its numerous varieties. 



'^pirrf^r frts'ty'a;n, M **'- Sp)r\f, r M.ir'in, «p. 

MonritA’.n l.nufit'irii*. l)t ri t «!. n , Ar Mi'iim.iin l.tim'sioin*. 


TIh- f.imilv of till* hrfieliiopoila to wliieli tho^i* .•-lielN ln-lony, i< 
t’dr mon^ numerously ri*presontoii in flio^e carbon ifrrou'i rork'* than in 
thf* romlary i'orrnations de^crihcil in former chapti-rs : imlividiially, 
a-? Proh -i.'Or Ramsay lia- oh.'iorved*. tliey may outnumlM*!* tin* Ijiim l- 
lihrancliiati* mollu^k^. althouyli the -jir-eir-: r»r carhoiiifrroiis laniclli- 
hrancliiat*^ more than douhlo the cf»n!etiiprirary hracliiopoda. I'lie 
inere.i-iii;jr number of tlie !a-f-nu rif iniied yrouj) ninoii" tlie bivalve 
mollu'ica, botli in yenera, .'ipei'ie-;. and inili\ idnah. will be found to 
be a marked feature in llie fauna of the primary rocks the lower we 
descend in the serie-i. 

Amonji the brachiopoda or ]mUiobraTiebiate rnollusks, Trrvhrntuin 
hasfatn de.‘5erves mention, Jiot only for its wide rnwjr, but lieeauseif 
often retains the pattern of the orif^inal coloured .sfrijicM wliieli 
ornamented the livin^r shrdl. (Sooii^r. r,7'l) Tlwst; cfiloiired I)aiid‘< 
are al'^^o preserved in several lainellibranebiatc bivalve.«, as in 
Aviculopecten o/4.), in which dark stripes alternato with a 
light ground. In some also of the spiral univalveg, the pattc*rn of 
the original painting is distinctly retained, as in l^hurotomnria (fig. 
/>7«5.), which displays wavy blotches, re.semhling the colouring in 
many recent TrochidsD. 


* Gcol. Quart. Journ., p. 41., 1SG4. 
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I'lg. “73. 



7V'» chratuhi ha^tntn, 
'■ ow., \v iti) radiating 
li mils of rotoiir. 
Moniitalo lamc- 
slom*. I)»*rliy'*hir«* ; 
Ireland; KiisMa, •'Ice. 


Fig. ri74. Fig. oTo. 



Aviruinnrrten Kvhlobntu$, 
Flull. Moiintaiii Idme- 
Btone. Derby iihirc ; 

Yorkshire. 



Pleurntomnrm cartnata ‘»oa 
{P.flantmtgera, PhiM.^ 
Mountain Lime*toie. Derby- 
shire, &c. 


TJiP inoro fnrt that shell.^ of such hi^h nntirjuitv should have 
pvi‘<(TV(Ml tlip |)att(*riis of tlifi'r colouring ia striking and unexpected ; 
hut Professor K. Porbos has deduccMl from it an imponant "oologit-al 
conclusion. lie infers tliat the depth of the primeval ?ea> in which 
the Mountain Limestone was formed did not exceed 50 fathoms. 
To fhi.‘< opinion In* is led hj observing that in the existing se«a.s the 
tcstaceji which have cohmrs and well-defined patterns rarely inhabit 
greater depths than 50 fathoms : and the greater number are found 
wliere there is most light in v<*ry .•-hallow water, not more tlian two 
fathoms deej). Then* are even examples in tlie British seas of tes- 
tacea which are always whitr or colourless when taken from below 
1(K) fathoms; and yet individual" of the same species, if taken from 
shallowiT zones, arc vi\ idly striped or banded. 

This infurination, derived from the colour of the shells, is the 


F ft. iTK. 



Kmmiphatus pcntagulalus, Sewerby. Mountain Limestone. 

a. unpor side : 6 lower, or umbilical tide ; c. riew showing mouth, which 
is less pentagonal in older individuals ; d. view of polished section, 
showing internal chambers. 
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more welcome, because the Radiata, Articulata, and Mollusca of the 
Carboniferous period belong almost entirely to genera no longer 
found in the living creation, and respecting the habits of wliicli we 
can only hazard conjectures. 

Some few of the carboniferous mollusca, such as Aviaila, Nucttla^ 
Solemya, and Lithodomus^ belong no doubt to existing genera; but 
tlie majority, though often referred to living types, such as Isocardia, 
Turritella, and Buccinum^ belong really to forms which appear to 
liave become extinct at the close of the Pahedzoic C}>och. Kuom- 
phalns is a characteristic univalve shell of this period. In the 
interior it is often divided into chambers (lig. 576. the septa or 
partitions not being perforated as in foraininiferous shells, or in thosi* 
having siphuncles, like the Nautilus. The animal appears to have 
retreated at ditfereiit periods of its growth from the internal cavity 
previously formed, and to have elosed all com- 
a's inunicatioii with it by a septum. The number of 

chambers is irregular, and they are generally 
wanting in the innermost whorl. The animal of 
K 'lil the recent Turritella communis partitions off in 

’/ i^^atiner as it advances in age a part of its 
spire, forming a shelly septum. 

Nearly twenty species of the genus Bellero- 
phon (see fig. 577.), a shell without chambers like 

I'cHrrophon costatus, ^n-w, . .. . . ' . i--.- .-r. 

Mountain Llme^to^e. the liviiig Argoiiaut, occiii* III the Mountain Liim^- 
stone. The genus is not met with in strata of 
later date. It is most generally regarded as belonging to the 
Ileleropoday and allied to the Glass-Shell, Carinaria ; but by some 
few it is thought to be a simple form of Cephalopod. 

The carboniferous Cephalopoda do not depart so widely from tlie 
living type (the Nautilus) as do the more ancient Silurian repre- 
sentatives of the same order ; yet they offer some remarkabhi forms 
scarcely known in strata newer than the coal. Among these is 
OrthoceraSy a siphuncled and chambered shell, like a Nautilus un- 
coiled and straightened (fig. 578.). Some species of this genus are 


rig. n7«. 



Portion of Oi'thoceras lalerale, Phillips. Mountain Limestone. 

several feet long. The Goniatite is another genus, nearly allied to 
the Ammonite^ from which it differs in having the lobes of the septa 
free from lateral dcnticulations, or crenatures ; so that the outline of 
these is continuous and uninterrupted. 

The species represented in fig. 579. is found in almost all localities, 
and presents the zigzag character of the septal lobes in perfection. 

In another species (fig. 580.), the septa are but slightly waved. 
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Fig. 879. 

n h 



(ioniatites crenistria^ l*h!ll. Mounrain 
Lirr>C8tonc. N. America; BriUiu; 
(ienniuiy, Ac. 

a. lateral view. 

b. front view, showing the mouth. 


Fig. 



Goniatde$ evulutus^ Phillips. 
Mountain I.inie»tone. 
Yorkshire. 




;md so approach nearer to the form of those of the Nautilu.s. The 
dorsal position of the siphuncle, however, clearly distinguislies tlie 
Goniatite from the Nautilus, and proves it to liave belonged to tlie 
family of tlie Ammonites, from which, indeed, some authors do not 
believe it to be genericfilly distinct. 

Fossil Jish , — Tlie distribution of these is singularly partial ; so 
imich so, that M. de Koninck of Liege, the eminent paleontologist, 
once stated to me that, in making his extensive collection of th^ fossils 
of the Mountain Limestone of Belgium, he had found no more than 
four or five examples of the bones or teeth of fishes. Judging from 
Belgian data, he might have concluded that tliis class of vertehrata 
was of extreme rarity in the carboniferous seas; whereas the in- 
vestigation of other countries has led to quite a different re&nlt. 
Thus, near Clifton, on tlie Avon, there is a celebrated “ bone-bed,” 
almost entirely made up of ichthyolites ; and the same may be said 
of the “ fish-beds ” of Armagh, in Ireland. They consist chiefly 
of the teeth of fishes of the Placoid order, nearly all of them rolled 
as if drifted from a distance. Some teeth arc sharp and pointed, as 
in ordinary sharks, of which the genus Cladodus affords an illustra- 
tion; but the majority, as in Psammodns and Cochliodus, are, like 
the teeth of the Cestracion of Port Jackson (see above, fig. 822., 
p. 328.), massive palatal teeth fitted for grinding. (See figs. o81, 
582.). 


Fig. 581. Fig. 682. 



Psammodus porosttg, Agass. Bone.bpd, Mountain Cochliodus contortus. Agass. Bnne.ltrd, 
Limestone. Urlstul ; Armagh. Mountain Limestone. Bristol ; Ar> 

magh. 


There are upwards of seventy other species of fossil fish known in 
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the Mountain Limestone of the British Islands. The defensive tin- 
bones of these creatures are not uufrequent at Armagh and Bristol ; 
those known as Oracanthus are often of a very large size. Ganoid 
tish, such as Holopty chins ^ also occur ; but these arc far less nume- 
rous. The great Megalichthys Uibberti appears to range from tlie 
Upper Coal-measures to the lowest Carboniferous strata. 

Forammifera, — In the upper part of the IMouiitain Limestone 
group in the S.W. of England, near Bristol, limestones having a 
distinct oolitic structure alternate with shales. In these rocks the 
nucleus of every luiiiiite spherule is seen, under the microscope, to 
consist of a small rhizopod or foramiiiifer. This division of the 
lower animals, which is represented so fully at later epochs by the 
Nummulites and their numerous minute allies, 
appears in the Mountain 
to a very few species, 

Xodosaria, Endothyra^ 
have been recognized. 


Fig. 5S3. 


Limestone to be restricted 
among which Textulariu, 
and Fusulina (tig. 583.), 
The first two genera are 
common to this and all the after periods ; the third 
has been found in the Upper Silurian, but is not 
known above the Carboniferous strata ; the fourth (fig. 583.) is 
peculiaV to the JMountain Limestone, and is characteristic of the 
formation in the United States, Arctic America, Bussia, and Asia 
Minor. 


Fustuhna cylindrtca^ 
D’Orb. 

Mdgiiitiod 3 diani. 
Mouutaiu Limeatone. 


Fig. 584. 


STRATA CONTE3IPORANEOUS WITH THE MOUNTAIxV LI^IESTONE. 

In countries where limestone does not form the principal part 
of the Lower Carboniferous series, this formation assumes a very 
different character, as in the Rhenish Provinces of Prussia, and in 
the llartz. The slates and sandstones called Kicscl-scliiefer and 
Younger Greywacke (Jungere Grauwacke) by the Germans, were 
formerly referred to the Devonian group, but are now ascertained to 
belong to the “ Lower Carboniferous.*' The prevailing shell which 
characterizes the carbonaceous schists of this series, both on the 
Continent and in England, is Posidonomya Becheri (tig. 584.). Some 

well-known mountain-limestone spe- 
cies, such as Goniatites crenistria 
(see fig. 579.) and G, rcticulatiis^ also 
occur in tlie llartz. In the associated 
sandstones of the same region, fossil 
plants, such as Eepidodendron and 
the allied genus Saycnaria^ are com- 
mon ; also Knorriuy Calamites Suck- 
• oviiy and C. transitionis^ Gbpp., some 
peculiar, others specifically identical 
with ordinary coal-meusurc fossils. 
The true geological position of these rocks in the llartz was first 
determined by MM. Murchison and Sedgwick in 1840.* 

* Trans., Geol. Soc. London, Second Series, vol. vi. p. 2-J8. 



Posidonomya Becheri^ Gold. 
Syn. Estheria Becheri * , 
Lower Carboniferous. 
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CAKIiONirEROUS LIMESTONE IX NORTH AMKRICA. 

The coal-measures of Nova Scotia have been described page 482. 
The lower division contains, besides large stratified masses of gypsum, 
some bunds of marine limestone almost entirely made up of encri- 
nites, and, in some places, containing shells of genera common to 
the inouiitain limestone of I^urope. 

Iji the United States the carboniferous limestone underlies the 
productive coal-measures ; and, although very inconspicuous on the 
margin of the Alleghany or Great Appalachian coal-field in Penn- 
sylvania,’ it expands in Virginia and Tenessee. Its still greater 
extent and importance in tlie Western or Mississippi coal-fields, in 
Kentucky, Indiana, Iowa, Missouri, and other western states, has 
been well shown by Dr. D. Dale Owen. In those regions * it is about 
400 feet thick, and abounds, as in Europe, in shells of the genera 
Productus and Spiri/er, with Pentremites^ and other crinoids and 
corals. Among the latter, Lithostrotioii basaltiforme or striatum 
(fig. 565. p. 512.), or a closely-allied species is common. 


^ 0\veii*s GcoL Survey of Wisconsin, &c. 1852. 
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CHAPTER XXVL 

OLD RED SANDSTONE, OR DEVONIAN GROUP, 

Old Red Sandstone of the Borders of Wales — Of Scotland and the South of Ire- 
land — Fossil Devonian plants at Kilkenny — Holoptychius of the Middle and 
Cephalaspis of the Lower Old Red of Forfarshire— and supposed 
egrgs of Crustaceans — Northern type of Old Red in Scotland — Classification of 
the Ichthyolites of the Old Red, atid their relation to living types— Distinct 
lithological type of Old Red in Devon and Cornwall — Term Devo 'ian -Organic 
remains of intermediate character between those of the Carboniferous and 
Silurian systems — Devonian scries of England and the Continent — Upper 
Devonian rocks and fossils — Middle — Lower — Old Red Sandstone of Russia — 
Preponderance* of Brachiopoda — Devonian Strata of the United States and 
Canada — Coral reefs at the falls of the Ohio — Gaspe Sandstone — Vegetation of 
the Devonian period. 

It Las been already shown in the section (p. 429.), that the car- 
boniferous strata are surmounted by a system called “ The New 
Red,” and underlaid by another termed the “ Old lied Sandstone.” 
The last-mentioned group acquired this name because in Ihu-oford- 
shire and Scotland, where it was originally studied, it consisted 
chiefly of red sandstone, shale, and conglomerate. It was afterwards 
termed “ Devonian,” for reasons which will bo explained in the 
sequel. For many years it was regarded as very barren of organic 
remains ; and such is undoubtedly its character, over very wide 
areas where calcareous matter is wanting, and where its colour is 
determined by the red oxide of iron. 

“ Old Bed^' in Herefordshire^ &c. — In Herefordshire, Worcester- 
shire, Shropshire, and South Wales, this formation attains a great 
thickness, sometimes between 8000 and 10,000 feet. In these re- 
gions it has been subdivided into 

1st. Conglomerate. 

2ndly. Brownstone series — chiefly reddish-green and brown sand- 
stones, with large Eurypterus, 

Srdly. Marl and Conistone — red and green argillaceous spotted 
marls, with irregular courses of impure concretionary limestone, 
. provincially called Conistone, and some beds of white sandstone. 
In the corns tones, and in those flagstones and marls through which 
calcareous matter is most diffused, some spines of fish of the family 
AcanthodidfB^ and remains of Cephalaspis and Pteraspis occur. 

4thly.» Ledbury Shales — thin olive shales of Ledbury and Ludlow, 
and sandstones intercalated in thick beds of red marl. Fish of the 



OLD RED SANDSTONE. 


Cir. XXVI.] 


524 


genera Cephalaspis^ Auchenaspis^ &c., specifically distinct from thos| 
of the underlying Silurian. 

Old Red Sandstone of Scotland and Ireland, — South of the 
Grampians, in Forfarshire, Kincardineshire, and Fife, the Old Red 
Sandstone may be divided into three groups. 

A. Yellow sandstone. 

B. Red shale, sandstone with cornstone, and at the base a conglo- 

merate (Nos. 1, 2, and 3., Section, p. 48.). 

C. Roofing and paving stone, highly micaceous, and containing a 

slight admixture of carbonate of lime (No. 4. p. 48.). 

The united thickness of A, B, and C, in Fife and Forfarshire 
must amount to 3000 or 4000 feet ; and perhaps in some places, 
where the conglomerates of B are largely developed, to much more 
than 4000. 

A. — The upper member, or yellow sandstone, is seen at Dura Den, 
near Cupar, in Fife, immediately underlying tlie coal. It consists of 
a yellow sandstone in which fish of the genera Pterichthys (for genus 
see fig. 600.), P amphr actus ^ Bothriolepis^ Glyptopomus^ Holoptychius^ 
and others abound. 

In Ireland the upper beds of the Old Red, or yellow sandstone of 
Kilkenny, contain fish of the genera Coccosteus and Dendrodiis^ 
characteristic forms of this period, together with plants specifically 
distinct from any known in the coal-measures, but referable to the 
genera found in them ; as, for example, Lepidodendron^ Cyclopteris 
(see figs. 585. and 586.). The stems of the latter have, in some 


Fig. SS.'i. Fig. 58G. 



Stem of /.rpi't/orfmrfron, 80 compressed ai Cyclopterts Ilibcmica, Forbes, 

to destroy the qiiinrunx arrangement of Upper Devonian, Kilkenny, 

the scars. Upper Devonian, Kilkenny. 


specimens, broad bases of attachment, and may therefore have been 
tree-ferns. 

In the same strata shells having the form of the genus Anodon, 
and which probably belonged to freshwater testacea, occur. Some 
geologists, it is true, still doubt whether these beds ought not rather 
to be classed as the lowest beds of the carboniferous series, together 
with the yellow sandstone of Sir R. GrifiSths (see p. 464.) ; but the 
associated ichthyolites and the distinct specific character of the plants, 
strongly favour the opinion above expressed. 

B. — Wo come next to the middle division of the “ Old Red,” as 
exhibited south of the Grampians, and consisting of — 1st, red 
shale and sandstone, with some cornstone, occupying the Valley 
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of Strathmore, in its course from Stonehaven to the Firth of 

Clyde ; and, 2ndly, of a conglome- 
rate, seen both at the foot of the 
Grampians, and on the Hanks of 
the Sidlaw Hills, as shown in the 
section at p. 48., Nos. 1, 2, and 3. 
In the uppermost part of the divi- 
sion No. 1., or in the beds which, 
in Fife, underlie the yellow sand- 
stone, the scales of a large ganoid 
lish, of the genus Holoptychius^ 
were first observed by Dr. Fleming 
at Clashbinnie, near Ferth, and an 
entire specimen, more than 2 feet 
in lengtli, was afterwards found by 
Mr. Noble. Some of these scales 
fig. 587.) measured 3 inches in length, and 2^ in bivadth. 

Fig .•i88. 



Iloloptychtus , As restored by Prof. Huxley. 

For tooth of thi!i genus, see p. 5U2. fig. 550. 

a. the fringed pectoral fins. c. anal fin. 

b. the fringed ventral fins. d, e. dorsal fins. 


Fig. 587. 



Scale of Iloloptychtus nobtlisstmuSj Agass. 
Cia»hbinine. Nat. sue. 


C. (Table, p. 521.) — The third or lowest division soutli of the 
Grampians consists of grey paving-stone and roofing-slate, with 

Fig. 580. 



Cephalaspts Lyellit, Agass. Length fJ} inches. 

From a specimen in my collection found at Glammiss, in Forfarshire ; see other figure.i, 
^ Agassiz, vol. ii. tab. 1. a. and 1. 6. 

a. one of the peculiar scales with which the head is covered when perfect. These 
scales are generally removed, as in the specimen above ttgured. 
b. c, scales from aifferenC parts of Che body and tail. 
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associated red and fifrey shales ; these strata underlie a dense mass 
of conglomerate. In these grey beds several remarkable fish have 
been found of the genus named by Agassiz CeplialaspiSy or “ buck- 
ler-headed,” from the extraordinary shield which covers the head 
(see fig. 589.), and which has often been mistaken for that of a 
trilobite, such as Asaphus. 

A species of J^teraspis, of the same family, has^also been found by 
the Kev. Hugh Mitchell in beds of corresponding age in Perthshire, 
and Mr. l^owrie enumerates no less than five genera of the family 
Acanthodidaj, the spines, scales, and other remains of which have 
been detected in the grey flaggy sandstones.* ^ 

In tlio same formation at Carmylie, in Forfarshire, commonly 
known as the Arbroath paving-stone, fragments of a huge crustacean 
have been met with from time to time. They are called by the 
Scotch (luarryinen the “ Seraphim,” from the wing-like form and 
feather-like ornament of the thoracic appendage, the part most 
usually met with. Agassiz, having previously referred some of these 
fragments to the class of fishes, was the first to recognize their 


t ig. 590. 



Portion of the Pterygoius anglicus^ Agassiz. 

1. Middle portion of the “ Seraphim," or back of the head, with the «calc-like sculpturing. 

2. Portiun of the dilated base ot one of the anterior feet, with its strong spines or teeth, 

used as inaMticating organs. 

3. The proximal portion of one of the great anterior claws. 

4. Termination or the same, with the serrated pincers. (See Aguss., Foiss. Foss, du Vicux 

GrOs Uoiige, plate A.) 

1. and 2. are of the natural size ; 3. and 4. are reduced one half. 

crustacean character, and, although at the time unable correctly to 
determine the true relation of the several parts, he figured the por- 
tions on which he founded his opinion, in the first plate of his 
“ Poissons Fossiles du Vieux Gres Rouge.” 

A restoration in correct proportion to the size of the fragments 
of P, anylicusy from the Lower Old Red Sandstone of* Perthshire 
and Forfarshire, would give us a creature measuring from o to 6 
feet ill length, and more than 1 foot across ; and Mr. Salter is of 
opinion that JP. problematicus^ from the Downton Sandstone, 
and P. gigas^ Salt., from the Upper Ludlow Rock, attained dimen- 
sjons fully as large, even up to 7 feet. 

* Powrie, Geol. Quart. Jouru., vol xx. p. 417. 
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Pterygotusanglicus. Ar., Forfarshire. Ven- 
tral aspect. Resioreri by Pl.Wooilward, F.ti.S., 
i^rom nearly perfect specimens of allied species, 
found in tiic Upper ljudluw Uuck of Lesina- 
hagow. 

a. carapace, showing the large sessile eyes 
at the anterior angles. 

b. tlie metastoma or post-oral plate (serving 
the office of a iower lip). 

c, c. ciielate appendages (antennules). 

d. first pair of simple palpi {nntenmr). 

e. st'coTid pair of simple palpi {mandibles) • 

f. third pair of simple palpi (first maxUliV). 

g. pair of swimming teet with their broad 
ba»al joints, whose serrated edges serve the 
office ot maxillee. 

h. thoracic or genital plate covering the re- 
productive organs (and pi nbably also the braii- 
t hla*), composed of two broad lateral alse, and 
a slender median lobe, varying in form accord- 
ing to the sex. This the acic plate covers the 
fir^t two thoracic segment'*, wliith are indi- 
cated by figures and a dotted line. 

i-fi. thoracic segments 
7-12. abdominal segments, 

13. telsoii, or tail-plate. 


The largest crustaceans living at the present day are the luachus 
Kcpmpferi^ of I)e llaan, from cTapaii (a brachyurt)us or short-tailed 
erab), chiefly remarkable for the extraordinary length of its limbs ; 
the fore arm measuring 4 feet in length, and the otliers in ])ropor- 
tion, so that it covers about 2o square fe(‘t of ground; and the 
Limidus Moluccamts, the great King Crab of China and the eastern 
seas, which, when adult, measures H foot acro^s its carapace, and is 
o feet in length. 

Parka decipiens . — In the same grey paving-stones and coarse 
roofing-slates in which the Cephalaspis and Pteri/ffotns oc.cur, in 
Forfarshire and Kincardineshire, the remains of grass-like plants 
abound in such numbers as to be useful to tlie geologist by enabling 
him to identify corresponding strata at distant points. Whetlior 
these be fucoids, as I formerly conjectured, or freshwater plants 
of the family Fluvialesy as some botanists suggest, cannot yet be 
determined. They are often accompanied by fossils, called “ ber- 
ries ” by the quarrymen, and which are not unlike the form which 
a compressed blackberry or raspberry might assume (see figs. 592. 
and 593.). Some of these were first observed in the year 1828, 
in grey sandstone of the same age as that of Forfarshire, at Parkhill 
near Newburgh, in the north of Fife, by Dr. Fleming. 1 afterwards 
found them on the north side of Strathmore, in the vertical shale 
beneath the conglomerate, and in the same beds in the Sidlaw 
Hills, at all points where fig. 4. is introduced in the section, p. 48. 

Dr. Fleming has compared these fossils to the panicles of a JuncuSy 
or the catkins of Sparganium^ or some allied plant, and he was con 7 
firmed in this opinion by finding a specimen at Balrudderic, showing 
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Fig. 502. 


Fig 593. 




Parka drrtpicns, Fleming. Parka decipieru^ Fleming. 

In saiiilstciiie of lower beds In shale of lower beds of Old Red, Fife, 

of 01(1 Rod, Ia:y*8 Mill, 

Forfarshire. ‘ 

llic under surfiice smootlier than the upper, and displaying what may 
1)0 the place of attachment of a 8talk. I have met with some speci- 
mens in Forfarshire embedded in sand.stone, and not associated witli 
the leaves of plants (see fig. 592.), which bore a considerable resem- 
blance to the spawn of a recent Natica (fig. 594.), in 
which the eggs arc arranged in a thin layer of sand, 
and seem to liave acquired a polygonal form by press- 
ing against each other; but, as no gasteropodous 
shells have been detected in the same formation, the 
Parka lias probably no connection with this class of 

organisms. Fragment of spawn 

The late Dr. Mantell was so much struck with the oixauca. 
resenibhince of one of my specimens (see fig. 595.) to 
a small bundle of the dried-up eggs of the common English frog, 
which he had obtained in a black and carbonaceous state (see tig. 
596.) from the mud of a pond near London, that he suggested a 



Fig 505. 


Fig. 590. 



Fossil — Old Red. * Rpcoiit. 


Fig. 505. Slab of Old Red Sandstone, 
Forfarshire, with bodies like the ova 
of Batrachlans. 

a. ova ? in a carbonized state. 

b. egg -cells V, the ova shed. 



Fig. 59G. Eggs of the common frog, 
Rana temporaria^ in a carbonized 
state, from a dried-up pond in Clap- 
ham Common. 



a. the ova. f sj 

& a transverse section of the mass, 1 ^ 
exhibiting the form of the egg* | 
cells. / 


batrachiaii origin for the fossil ; and Mr. Newport concurred in the 
idea, adding that other larger and more circular fossils (fig. 597.), 
which I procured from shale in the same “Old Red,’' occurring 
singly or in pairs, and attached to the leaves of plants, might 
possibly be the ova ot some gigantic Triton or Salamander. 

The general absence of reptilian remains from strata of the Devo- 
nian period always weighed strongly with most geologists against 
such conjectures, and Mr. Salter in 1859, and more lately Mr. 
Powrie, have suggested that Parka decipiens occurs too often asso- 
ciated with Pterygotus not to incline one to suspect that they are 
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Fiff. r>07. Shalo of Olrf Rod Rnncl^fono, nr 
Dovoni.m. Forfarshiro, with impreshioii 
of )il:ints and of Crustncrans. 

a, two pair of ova ? rpscTnl)linp flioso 
of larpp Salamanders or Tritons— 
on the same leaf, 
ft, ft. detached ova ? 


the eggs of thfit erustacenii. They have not only been found with 
P. aiiglictfs in Forfarshire and Perthshire, but also with P, prnble- 
7nnfictfs at Ludlow, and with P. ludensis at Kidderminster, in the 
uppermost Silurian strata. Against the hypothesis of these bodies 
being s(*ed-vesseLs, it is urged that there is no trace of a style nor 
of a leafy involuerum. They are supposed to have constituted a 
single layer of ova enclosed in a membrane, and not a number of 
egg.s lying crowded one over the other in a sack. 

“OZf/ iZcfZ” in the North of Scotland. — The whole of the northern 
part of Scotland, from C.ape Wrath to the .‘southern flank of the 
Grampians, hi\^ been well described by the late Hugh Miller as con- 
sisting of a nucleus of granite, gneis-3, and other hypogene rocks, 
which seem as if set in a sandstone frame. The beds of the Old Red 
Sandstone constituting this frame m.ay once ])orhaps have extended 
continuously over the entire Grampians before the upheaval of that 
mountain range ; for one hand of the sandstone follows the course of 
the Moray Frith far into the interior of the great Caledonian valley, 
and detached hills .and isl.and-like patches occur in several parts of 
the interior capping some of the higher summits in Sutherlandshire, 
and appearing in Morayshire like oases .among the gr.anite rocks of 
Strathspey, 

As the mineral character of the “Old Red” north of the Grampians 
diflfers considerably from that of the south, cspeci.ally in the middle 
and lower divisions, I shall now allude to it separately. The upper- 
most portion w,as formerly supposed to include certain light-coloured 
sandstones near Elgin containing reptilian rcm.ains ( Telcrpeton. i^'C.), 
which wc have now good reason to suspect arc of much newer or 
Triassic date ; * but, besides these whitish sandstones, there are 
others of a yellowish colour near Elgin, which are perhaps the true 
equivalents of the yellow sandstone of Fife (A, p. 521.). This upper 
division passes downwards into red and variegated snndstone and 
conglomerate, which may correspond with the beds called B of the 
same table, p. 521. 

* Supposed reptilian remains of the of conformable strata in tlie neighbour- 
Old lied . — In a former edition ot this hood of Elgin. To this reptile the late 
work 1 noticed the discovery of the hones J)r. M.antcli gave the name of Te/erpeton 
of a reptile found in some white sand- J£lginense; it was associated with scales 
stone charged with carbonate of lime or scutes supposed by Agas.<;iz to be 
terming the upper part of a long series those of a flsfi, and called by him Stago- 
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In this part of the series certain bituminous schists and flagstones 
occur in the Orkneys and Caithness, Cromarty, Moray, Nairn, and 
Ilantf, which arc very rich in fossil fishes. Below the fish-beds are 
sandstones and sliales, barren of organic remains, several hundred 
and sometimes nearly a thousand fe<;t thick. As tlie ichthyolitic 
zone was the lowest in which fossils had been discovered in the 
North, it was classed paleontologically by Hugh Miller as the base 
of tlic Old Red system, and considered by liim to be older than the 
division C. of the table, p. 521., or those paving-stones and roofing- 
slates of Forfarshire, which contain Cephalaspis and Plerygotvs 
before described, p. 522. He fell naturally into this mistake by 
observing that the fish-beds where he studied them most carefully, 
at Cromarty, were in almost immediate juxta-position with certain 
crystalline or metamorphic rocks, so that they seemed to form the 
base of the Devonian system. Another source of error, says Sir 
R. Murchison, arose from the gradual thinning out of the bituminous 
and calcareous schists and flagstones as we proceed from north to 
south. Already these schists, when we reach Nairn and Elgin, are 
represented by clays with calcareous nodules only ; and this is still 
more the case at Gamrie in Banff. Still farther southwards even 
these nodules are no longer traceable in the middle portion of the 
Old Red Sandstone.* 

Hence tlie relative position of the middle and lower beds could 
not be proved by direct super-position, the Caithness fish-beds being 
wanting in Forfarshire, and the Forfarshire Cephalaspis beds alike 
absent in Caithness. But all doubt as to the true order of super- 
position, if any still remained, was set at rest in 1861, when Mr. 
Peach, under the direction of Sir R. Murchison, searching for fossils 
in Caithness, found in sandstones, many hundreds of feet below 
the fish-zone, undoubted remains of Pterygotus. These crustaceans 
are characteristic of the Cephalaspis zone, and have never been found 
in the great fish-bed of the middle division of the Old Red. This 
discovery, therefore, confirmed the anticipations of Sir Roderick, 
who liad previously maintained that the lower sandstones of Caith- 
ness were the equivalents of the Forfarshire paving-stone, and of 


nolepis^ but which Prof. Huxley has since 
shown to be crocodilian, and of the 
Telcosaurian type. The jaw, teeth, 
femur, and some caudal vertebrae liave 
now been foun<l, and they indicate an 
animal about eight feet long. Another 
reptile, Hyperodapedon^ Huxley, closely 
allied to the triassic Ithynchosaurus^ has 
also been met with in the same bed.s so 
that it appears highly probable that the 
light-coloured stones near Elgin con- 
taining these fossils arc referable to 
the Triassic, and not, as was formerly 
imagined, to the “ Old Red,” or Devo- 
nian period. 

The strata in question have been shown 


in 1863 by Prof. Harkness to be per- 
fectly conformable, both near Elgin and 
in Koss-shirc, with sandstones containing 
unequivocal “ Old Red ” fishes, but be- 
tween these and the reptiliferous strat.'i 
there intervenes everywhere a conglo- 
merate, anti Mr. C. Moore lias justly 
remarked ( Harkness, Geol. Quart. Journ., 
vol. XX. p. 429., 1864). that the destruc- 
tion of older rocks attestet^ by such 
pebble beds may imply a break in the 
series, and a lapse of unrepresented time 
of indefinite extent. 

* Murchison, Siluria, Srd.ed., p. 286., 
1859. 
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certain beds of Herefordshire and Shropshire, which immediately 
overlie the bone-bed of the Upper Ludlow.* 

Mr. Powrie remarks that very few genera and no species of fish 
are common to this Lower or Geplialaspis division, and to the Middle 
or Caithness beds, whereas no such marked break occurs between 
the ichthyic forms of the Middle and those of the Upper or Yellow 
Sandstone division.f 

Classification of the Fossil Fish of the Old Red Sandstone. 

The fish of the schists and flagstones in question are very pecu- 
liar and characteristic. They were first successfully studied by the 
late Hugh IMiller, who gave an admirable description and restorations 
of many of them. They were also the subject in 1844 of a special 
monograph by Agassiz, in which he described no less than sixty-five 
Britisli species alone, and several important memoirs on Fterichtliys 
and other genera were afterwards published by Sir P. Egerton, 
whose labours in this field (including a synopsis of all the gener.i 
known in 1857) have been acknowledged by Professor Huxley as 
having powerfully contributed to clear up his ideas when he under- 
took, in 1861, the diflicult task of classifying these fishes. To the 
Russian zoologist, Pander, we are also indebted for a most able trea- 
tise on these ichihyolites. Professor Huxley^s masterly essay is of 
a later date than Pander’s, and contains a systematic arrangement 
of the British Devonian fish, which, he observes, are of surpassing 
interest, as comprising the oldest assemblage of vertebrate animals 
of which we can be said to have any tolerably complete knowledge; 
for no reptiles have yet been found older than those of the coal, and 
the Silurian fish are confined to a few isolated specimens, affording 
us a very scanty insight into the character of the piscine fauna 
anterior to the period of the Old Red Sandstone. 

The Devonian fish were referred by Agassiz to two of his great 
orders, namely, tlie Pl^icoids and Ganoids. Of the first of these, which 
in the Recent period comprise the shark, the dog-fish, and the ray, no 
entire skeletons are i)reserved, but fin-spines called Ichthyodoru- 
liles, and teeth occur. On such remains the genera Onchus, Odonta- 
canthus, and Ctetiodus, a supposed cestraciont, and some others, have 
been established. There are also some spiny fish of a family called 
Acanthodida 0 , not yet well understood, and thought by Huxley to 
have some connection with the Placoids, although he admits that 
they may perhaps have still more claims to rank with the Ganoids, 
with which they have been usually classed. 

Among the Ganoids are the Cephalaspidm (see fig. 589. p. 522.), 
represeuted by several genera, Cephalaspis, Pteraspis, &c., and 
forming a very distinct family, but having, according to Huxley, a 
considerable relationship with the sturgeon. 

^ By far the greater number, however, of the Old Red Sandstone 

* Powrie, Gcol. Quart. Journ., vol. Siluria, .3rd ed., p. 280. &c., 1859. 
xiv. P- 503., 1858; and Murchison, t Powrie, ibid., p. 428. 
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fishes belong to a sub-order of Ganoids instituted by Huxley in 1861, 
and for which he has proposed the name of CrossopterygidtB*^ or the 
fringe-finned, in consideration of the peculiar manner in which 
the fin-rays of the paired fins are arranged so as to form a fringe 
round a central lobe, as in the Polyptertis (see a, fig. 598.), a genus of 


Fig. 698. 

d 



PolypteruM. See Agaiisiz, ** Recherches iiir les Poisioni Fossiles.** 

Living in the Nile and other African riven. 

а. one of the fringed pectoral fins. c, anal fin. 

б. one of the ventral fins. d. dorsal fin, or row of finlets. 

« 

which there are several species now inhabiting the Nile and other 
African rivers. The reader will at once recognize in Osteolepis 
fig. 599.) one of the common fishes of the Old Red Sandstone, many 

Fig. .'599. 



Restoration of Osteolepis. Pander. 

Old Red Sandstone, or Devonian. 

a. one of the fringed pectoral fins. c. anal fin. 

b. one of the ventral fins. d, e. dorsal fins. 


points of analogy with Polypterus, They not only agree in the 
structure of the fin, as first pointed out by Huxley, but also in the 
position of the pectoral, ventral, and anal fins, and in having an 
elongated body and rhomboidal scales. On the other hand, the tail 
is more symmetrical in the recent fish, which has also an apparatus of 
dorsal finlets of a very abnormal character, both as to number and 
structure. As to the dorsals of Osteolepis^ they are regular in struc- 
ture and position, having nothing remarkable about them, except 
that there are two of them, which is comparatively unusual in living 
fish. 

Among tho ‘‘ fringe-finned ” Ganoids we find some with rhom- 
boidal scales, such as Osteolepis^ above figured, and Diploptems, 
Glyptoltemus, and Glyptopomus ; others with cycloidal scales, ns 
Iloloptychius (j^eo fig. 588. p. 522.), Diptems, &c. The new genua 
Glyptohemtis, founded by Huxley on specimens from the Devonian 
yellow sandstone of Dura Den in Fife, is remarkable for having not 

Abridged from fcpoo-o-wros, crossotos, a fringe, and irrepvf, pteryx, a fin. 

M M 
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only a fringe of rays entirely surrounding a central lobe in tin*, 
pectoral and ventral fins, but in having the same structure repeated 
in the anal and both the dorsal fins. In the genera Dipterus and 
Diphpterus^ as Hugh Miller pointed out, and in several other of the 
fringe-finned genera, as in Gyroptychius and Glyptolepis^ the two 
dorsals are placed far backwards, or directly over the ventral and 
anal fins. 

The Asterolepis was a ganoid fish of gigantic dimensions. A» As- 
Eichwald, a species characteristic of the Old lied Sandstone 
of Russia, as well as that of Scotland, attained the length of be- 
tween 20 and 30 feet. It was clothed with strong bony armour, 
embossed with star-like tubercles, but it had only a cartilaginous 
skeleton. The mouth was furnished with two rows of teeth, the 
outer ones small and fish -like, the inner larger and with a reptilian 
character. The Asterolepis occurs also in the Devonian rocks of 
North America. 

we except the Placoids already alluded to, and a f(*w other 
families of doubtful affinities, all the Old lied Sandstone fishes are 
Ganoids, an order so n.amed by Agassiz from the shining outer 
surface of their scales. The same remark would hold true of the 
fish of the primary and secondary formations generally, those of tlu3 
primary and older secondary type having heterocerccal tails, while 
the tails of those of the tertiary rocks are almost all equilobed or 
Jiornocercal, like the vast majority of living fish; but Prof. Huxley 
lias also called our attention to the fact that, while a few of the 
l>rimary and the great majority of the secondary Ganoids resemble 
the living LepidosteuSy or bony pike, or the Amiay genera now found 
in North American rivers, and one of them, LepidosteuSy extending 
.MS far south as Guatemala, the Crossop terygii, or fringe-finned 
Tclithyolites, of the Old lied are closely related to the African 
PohjpterxiSy which is represented by five or six species now inha- 
biting the Nile and the rivers of Senegal. These North American 
and African Ganoids are quite exceptional in the living creation ; 
they are entirely confined to the northern hemisphere, unless some 
species of Polypterus range to the south of the line in Africa ; and, 
out of about 9000 living species of fish known to M. Giinther, and 
of which more than 6000 are now preserved in the British Museum, 
they probably constitute no more than 27. 

All the living fish, exclusive of the 27 species just mentioned, 
and the Ebismobranchii or Placoids, have equilobed or homocercal 
tails, and are called T^leostei, because their skeletons are perfectly 
ossified.* The living Ganoids, however, most resembling those of the 
j trimary and secondary periods, namely, the Lepidostei and Polypteriy 
Iiave also internal skeletoiH as perfect as those of any Teleostei ; 
and we find the same combination of a hard external or dermal 
skeleton, and a well-ossified cndo-skeleton in DipteruSy one of the 


* From T€\€os, telcos, perfect, and oarcoy, osteon, a bone. 
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Old Red Ganoids already alluded to. In this respect, therefore, 
Dljiterus and Pohjpterus agree, although they dilffer in their scales, 
Dipterus having cycloidal, and Polypterus rhomboidal scales. Mega- 
lichthys, a carboniferous genus, agrees with Polypterus in the form 
of its scales, which are rhomboidal, while its internal skeleton, as 
first observed by Huxley, is so far ossified that in each vertebra 
there is a ring or hoop of bone. 

Tlie fossil Ganoids, therefore, although generally contrasted with 
the Tehosidy cannot be said to have in all cases imperfect internal 
skeletons any more than the most typical living representatives of 
the order. 

Among the anomalous forms of Old Bed fishes not referable to 
Huxley’s Crossopterygii is the PterichthySy of which five species have 
been found in the middle division of the Old Red of Scotland. Some 
writers liave compared their 

shelly covering to that of iig. eoo. 

Crustaceans, with which , how- 
ever, tlicy have no real affini- 
ty. The wing-like appendages, 
whence tlie genus is named, 
were first supposed hy Hugh 
Miller to be paddles, like those 
of the turtle ; .and there can 
now be no doubt that they do 
really correspond with the pec- 
toral fins. Professor Huxley, 
wlien speaking of the allied 
genus Coccosteus^ has specu- 
lated on its relationship with 
tlie Siluridm, a large family 
of living Teleosteans, the bony ' 

shields covering the roof of 

the cranium in Coccostcus being compared by him with those which 
cover the head and antenor part of the body of certain Siluroids, 
more particularly those belonging to the genus Clarias. 

South Devon and Cornwall.— Term Devonian. — A great step 
was made in the classification of the slaty and calcifcrous strata of 
South Devon and Cornwall in 1837, when a large portion of the 
beds, previously referred to the “ transition ” or Silurian series, 
were found to belong in reality to the period of the Old Red Sand- 
stone. For this reform we are indebted to the labours of Professor 
Sedgwick and Sir R. Murchison, assisted by a suggestion of Mr. 
Jjonsdale, who, in 1837, after examining the South Devonshire 
fossils, perceived that some of them agreed with those of the Carbon- 
iferous group, btliers with those of the Silurian, while many could 
not be assigned to cither system, the whole taken together exhibiting 
a peculiar type, but of intermediate character between the older and 

mm2 
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newer groups alluded to. But these palaeontological observations 
alone would not have enabled us to assign, with accuracy, the true 
place in the geological series of these slate-rocks and limestones of 
South Devon, had not Messrs. Sedgwick and Murchison, in 1836 
and 1 837, discovered that the culmiferous or anthracitic shales of 
North Devon belonged to the Coal, and not, as preceding observers 
had imagined, to the ** transition ” period. 

As the strata of South Devon here alluded to ai’e far richer in 
organic remains than the red sandstones of contemporaneous date in 
Herefordshire and Scotland, the new name of the “Devonian system” 
was proposed as a substitute for that of Old Red Sandstone. 

The link supplied by the whole assemblage of embedded fossils, 
connecting as it does the pateoiitology of the Silurian and Carbon- 
iferous groups, is one of the highest interest, and equally striking 
whether we regard the genera of the corals or of the shells. The 
sr)ecies are mostly distinct except in the upper group. 

The rocks of this group in l^uth Devon consist, in great part, of 
green chloritic slates, alternating with large quartzose slates and 
sandstones. Here and there calcareous slates are iuterstratified with 
blue crystalline limestone, and in some divisions conglomerates, 
passing into red sandstone. But the whole series is much altered 
and disturbed by the intrusion of the granite of Dartmoor and other 
igneous rocks. 

In North Devon, on the -contrary, the Devonian group has been 
loss changed, and its relations to the overlying carboniferous rocks 
or “Culm Measur(?s” are somewhat more clearly seen. The follow- 
ing sequence is exhibited hi the coaist section on the Bristol Channel, 
between Barnstaple and the North Foreland.* 


Devonian Seriee in North Devon. 


Upper or | , 
Pilton * 
-roup j 

r^- 

Mitldlc, 
or Ilfra- j g 
coin be 1 
group 


L 

Lower, or | *** 
Linton J ^ 
gioup ('■ 


/a. Calcareous brown slates; with fossils, some of them common to 
the Carboniferous group, but most of them distinct, ^ILirn- 
sfaple, Pilton, &c.) 

b. Brown and yellow sandstone, with marine shells and land-j)lants 
— Sfiymaria, Sagenaria, and others, (lisggy Point, Marwooil, 
&c.) 

Hard grey and reddish sandstones and micaceous flags, without 
fossils, resting on soft greenish schists of Considerable thickness. 
(Morte Bay, Bull Point, &c.) 

Calcaieous slates, with eight or nine courses of limestone, full of 
corals and shells like those of the Plymouth limestone, viz., Cyatho- 
phyllum caspUosum , see fig. 606., FavosUes jwlymnrpha, see fig. 6U5., 
&c. (Combe Martin, Ilfracombe Harbour, ike.) 

Hard, greenish, red, and purple sandstones; with occasional fossils, 
Spirifers, See. (Linton, North Foreland, See.) 

Soft chloritons slates, with some sandstorios ; Orihis^ Spirijer^ and 
Corals. (Valley of Rocks, Lynmoutb, &c.) 


The succefjfi^ive beds of this section have been * compared with 


♦ Sedgwick and Murchison, Trans. Cornwall, PI. 3. Murchison's Silurin. 
Gcol. Soc., New Senes, vol. v. p. 644. p. 256. 

De la Bcclie, Geol. Report, Devon and 
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those of South Devon and Cornwall both by the authors of the 
“ Devonian ” system and by other observers. And Professor Sedg- 
wick has again lately brought them into closer comparison.* Other 
geologists at home and abroad have successively identified them with 
the Devonian series in France, Belgium, the Rhenish Provinces, 
C^entral Germany, and America.f I shall proceed first to treat of 
the main divisions which have been established in Europe. 



Upper Devonian Roehs^ 

Piltoti Group. — The skates and sandstone of Barnstaple (No. 1., 
a, b, of the preceding section) were formerly considered to be re- 
jii csented in Cornwall by the limestones of Petherwyn, which rise 
from under the Culm Measures, constituting the Petherwyn group 
of Professor Sedgwick. But later researches J have rendered it pro- 
bable that these beds overlie the 
Petherwyn group ; tliey contain 
the shell Spirifer disjunetuSy Sow. 

(*V, Verneuilii, Murch.), (see fig. 

001.), found in Europe, Asia 
Minor, and even China ; Spi^ 
rifer Barriensis^ S, UriU ^nd 
Strophalosia caper ata^ together 
with the large trilobite Fhacops 
latifrons, Bronn (see fig. 602.), which is all but world-wide in its 
distribution. The fossils are numerous, and 
80 per cent, of them are distinct from those of 
even the Lower Carboniferous. 

Petherwyn Group. — A series of limestones 
and slates best developed at Petherwyn, in 
Cornwall. Among many other fossils, the 
Clymenia linearis (fig. 603.) and the minute 
crustacean Cypridina serrato-striata (fig. 604.) 
are so characteristic of these upper beds in 
Belgium, the Rhenish Provinces, the Ilartz, 

Saxony, and Silesia, that strata of this division 
in (Germany are distinguished by the names of 
“ Clymenien-Kalk ” and “ Cypridinen-sehiefer.’'§ 

With these are many Goniatites ( 6. subsul- 
catus^ Munster, and other species), both in Eng- 
land and on the Continent. Ill Germany they pAowp* Bronn. 


Spirfft’r disjunettts. Sow. Syn. Sp. Verneuilu. 
Murcli. 

Upper Devonian, Boulogne. 


Fig. C02. 



are usually confined to distinct beds, as at 
Oberscheld, also at Couvin iu Belgium, &c. 


vonian In Kurofie, Asia, 
and N. and S. America. 


* Quart. Journ.,GcoL Soc., vol. viii. 
p. 1., et seq. 

f See Dr. Fridolin Sandberger on the 
Devonian rocks of Nassau (Geol. Ver- 
halt. Nassau); Fried. A. Rbiner, on the 
llaru Devonian Rucks, in Dunker and 


Von Meyer’s Palffiontographica, 3rd 
vol. pt. 1, 

t Seo Murchison’s Siluria, 2iid cd., p. 
247. 

§ Ibid., chaps, x,, xiv., and xv. 
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Fig. 603. 


Fig. 

Cypridina scrrato-striata^ .Saiulberpcr, 
Wfilburg, &c. ; Nassau; Saxuu)' ; 
Belgium. 



Clytncnia linearis^ Munster. 

Petherwyo, Cornwall; Elbursreuth, Bavaria. 

Trilobites are not uiifrequent in Cornwall ; tiicy are chiefly restricted 
to species of Phacops, P, IwviSy &c., but in the upper Devonian 
limestones of the Fichtelgebirge, as at Elbersrouth in Bavaria, tliere 
are numerous other genera and species, such as Bro^iteSy Cyphastis^ 
Ike., which never rise higher in the series or appear in any portion of 
the carboniferous limestone. 


Middle Devonian. 

The unfossiliferous series (No. 2., p. 532.) of North Devon, and 
the calcareous beds of Ilfracombe (3.), correspond to the Dartmouth 
and Plymouth groups of Prof. Sedgwick’s South Devon series, and 
are the most typical portion of the Devonian system. They include 
the great limestones of Plymouth and Torbay, replete with shcdls, 
trilobites, and corals. A thick accumulation of slate and schist, 
full of the same fossils, occupies nearly all the southern portion of 
Devonshire and a large part of Cornwall. Among the corals we 
find the genera Favosites, Heliolites, and Cyathophyllum, the last 
genus equally abundant in the Silurian and Carboniferous systems, 


Fig. (JOG. 



a, Cyathophyllum easntiosum, Caodf. 

Plymouth and llrracombu. 

b, a terminal star. 

c, vertical section, exhibiting trnns. 

verse plates, and part of another 
branch. 
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the two former bo frequent in Silurian rocks. Some few even of the 
species are common to the Devonian and Silurian groups^ as, for 
example, Favosites pohjmorpha (fig. 605.), one of the commonest of 
all the Devonshire fossils. The Cyathophyllum emspitosum (fig. 
606.) and Jleliolites pyriformis (fig. 607.) are peculiarly character- 
istic; as is another very commoft species, the Aulopora serpens 
(fig. 608.), which creeps over corals and shells in its young state, 


Fig. C07. 

a 


llcliohtcs porosa^ Ooldf., ip. Pontes pyriformis, 
Lonsd. f 

a, portion of the same magnified. Middle De- 
vonian, Torquay j Plymouth; Eifel. 


Fig. 608. 



Aulopora setpetu, Goldf. 

(The young ba«al portion of a Syrtngepora, 
Miine £dw. and Hainie.j 




as hero figured, but afterwards grows upwards and becomes a 
cluster of tubes connected by minute processes. In this state it 
has been supposed to be a distinct coral, and has been called Sy~ 
ringojiora. 

With the above are found many stone-lilies or crinoids, some of 
them, such as Cupressocrinites^ of forms generically distinct from 
those of the Carboniferous Limestone. The mollusks also are no 
less characteristic, among which the genus Stringocephalus (fig. 609.) 


Fig. G09. 



Stringocephalus Burtini, Defr. {Tercbratvla pot recta. Sow.) Eifel; also South Devon. 
a valves united. b. side view of same, 

c. interior of larger viilve, showing thick partition, and part of a large process which 
projects from the other valve quite aiross the shell. 


may be mentioned as exclusively Devonian. Many other Brachiopod 
shells, of tho genus Spirifer^ &c., abounded, and among them the 
Atrypa reticulurisy Linn. sp. (fig. 627. p. 551.), which seems to have 
been a cosmojiolite species occurring in Devonian strata from 
America to Asia Minor, and which, as we shall hereafter see 
(p. 550.), lived also in the Silurian seas. Among the peculiar 
lamellibranchiate bivalves common to the Plymouth limestone of 
Devonshire and the Continent, we find the Megdhdon (fig. 610.), 
together with many spiral univalves, such as Murchisonia^ Euom- 
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phalusj and Macrocheilus ; and Fteropods such as Conularia (fig. 


Fig. 610. 



Mc^alodon cuciMatus^ Sow. Eifcl ; also Bradley, S. Devon. 

a. the valves united. 

b. Ulterior of valve, showing the large cardinal tooth. 


Fig. 611. 



Conularia omata^ D’Arch. and 
De Verii. 

(Geol. J r.ins.. Sec. Ser., vol. vi 
1*1. 2'J.) Uefrath, near Cologne 


(>11.). The cephalopoda, such as Cyrtoceras^ Gyroceras, and others, 
lire nearly all of genera distinct from those prevailing in the Upper 
Devoniiiu Limestone, or Clymenien-Kalk of the Germans already 
mentioned (p. 533.). Although but few species of Trilobites occur, 
the characteristic Brontes jiahellifer (fig. 612.) is far from rare, 
and all collectors are familiar with its fan-like tail. The head is 
seldom found perfect ; a restoration of it has been attempted by 
Mr. Salter (fig. 613.) 



In this same formation, comprising in it the “ Stringoccphalus 
limestone,” or “ Eifel Limestone ” of Germany, several remains of 
Coccosteus and other ichthyolites have been detected, and they serve, 
as Sir R. Murchison observes (Siluria, p. 371.), to identify the rock 
with the Old Red S 9 .Tidstone of Britain and Russia. 

Ikneath the Eifel Limestone (the great central and typical 
member of “ the Devonian ” on the Continent) lie certain schists 
called by German writers “ Calceola-schiefer,” because they contain 
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in abundance a fossil body of 
very curious structure, Cal- 
ceola sandalina (fig. 614.)> 
which has been usually con- 
sidered a brachiopod, but 
which some naturalists have 
lately referred to a coral. 
They suppose it to be an ab- 
normal form of the order 
Zoantharia rugom (see fig. 
563. p. oil.), differing from 
with a strong operculum. 


Fig. G14. 



Calccola sandalina, Lam. Elfel : also South Devon, 
a. ventral valve. 6. inner side of dorsal valve. 


all other 


corals in being furnished 


Lower Devonian, 

Beneath the Middle Devonian limestones and schists already 
cnuinenited, a series of slaty beds and quartzose sandstones, the 
hitter constituting the “ Older Rlienish Greywacke ” of Rbrner, and 
the “ Spirifer sandstone ” of Sandberger, are exhibited between 
Coblentz and Caub.* A portion of these rocks on the Rhine and in 
some of the adjacent countries was regarded as “ Upper Silurian ” 
by Rrof. Sedgwick and Sir R. Murchison in 1839, but their true 
age has since been determined. Their equivalents are found in 
England in the sandstones and slates of the Foreland and Linton 
in Devon (Nos. 4. and 5. of the section, p. 532.), and, according 
to Mr. Salter, in the sandstone of Torquay in South Devon, 
where many of the characteristic Rhenish fossils are met with. 
The broad- winged Spiri- 
fers which distinguish the 
“ Spirifer - sandstein *’ of 
Germany have their re- 
presentatives in the De- 
vonian strata of North 
America (see fi^. 615.). Spirifer mucronatus, Hatt, Devonian of Pennsylvania. 

Among the Trilobites of this era several large species of Homa- 
lonotus (fig. 616.) are conspicuous. The genus is still better known 
as a Silurian form, but the spinose species appear to belong exclu- 
sively to the “ Lower Devonian,” and are found in Britain, Europe, 
and the Cape of Good Hope. 

With the above are associated many species of Brachiopods, such 
as Ort/iis, Leptana^ and Chonetes^ and numerous Lamellibranchiata, 
such as Pterinka ; also the very remarkable fossil coral called Pleuro- 
dictyum problematicum (fig. 617.). 

Devonian of Russia. — The Devonian strata of Russia extend, 
according to Sir R. Murchison, over a region more spacious than 
the British Isles ; and it is remarkable that, where they consist of 
sandstone like the “ Old Red ” of Scotland and Central England, 
they are tenanted by fossil fishes often of the same species and still 

^ Murchison’s Siluria, p. 368. 


Fig. 615. 




538 


DEVONIAN BRACHIOPODA. 


[Ch. XXVI. 


Fig. 616. 


Fig. 617. 



Pleurodiclyum probl. malicum. Goldfuss. Lower 
De»oni<iii ; of Plymouth and Torquay; Loot*, 
Korea, ike . ; also in Germany at Dietz, Nds&aii, 
SiC. 

Obs. Attached to a worm-like body {Srrpit/a). 
The specimen is a cast m sandstone, the tliiii 
expandiHl base of the coral being removed, and 
« . exposing the large polygonal cells ; the walls of 

liumaionotus at-matus, Burmeister. Lower these cells are perforated, and the casts o! these 
Devonian ; Daun, in the Kifel. pertorations produce thech.dii-like rows of dots 

Obs. The two rows of spines down the body between the cells, 
give an appearance of more distinct tnloba- 
tion clian really occurs in this or most other 
species of the genus. 

oftener of the same genera as the British, whereas when they consist 
of limestone they contain shells similar to those of Devonshire, thus 
confirming, as Sir Roderick observes, the contemporaneous origin 
previously assigned to formations exhibiting two very distinct 
mineral types in different parts of Britain.* Tho calcareous and the 
arenaceous rocks of Russia above alluded to alternate in such a 
manner as to leave no doubt of their having been deposited at the 
same period. Among the fish common to the Russian and the British 
strata are Asterolepis Asmusii before mentioned ; a smaller species, 
A, minor ^ Ag. ; Holoptychius nobilissimus (p. 522.) ; Dendrodmt 
strigatus, Owen ; Pterichthys major ^ Ag. ; and many others. But 
some of the most marked of the Scottish genera, such as Cephalaspis, 
Coccosteus, Piplacanthus^ Cheiracafithus^ &c., have not yet been 
found in Russia, owing perhaps to the present imperfect state of our 
re.searches, or possibly to geographical causes limiting the range of 
the extinct species. On the whole, no less than forty species of 
placoid and ganoid fish have been already collected in Russia, some 
of the placoids being of enormous size, as before stated, p. 530. 

Devonian Brachiopoda, 

The preponderance of the Brachiopods or Palliobrahchiata among 
the bivalve shells forms a decided feature in tho concliology of tlie 
Devonian strata as contrasted with that of rocks newer in the series, 
such as have been described in the preceding cbapteis. In a table 
of British fossils, constructed by Professor Ramsay, it appears that 
there are twice as many species of Brachiopods as of Lamellibran- 
chiate bivalves in the Devonian rocks, there being ninety-six known 



* Silurio, p. 329. 
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Brachiopods to forty-seven Lamellibranchiata. In the antecedent 
Silurian rocks the relative numbers are still move in favour of the 
Brachiopods, whereas, in the more modern Car})oniferous formation, 
the proportions are more than reversed, for there are of the Car- 
boniferous Lamellibranchiata 282 species, and only 123 Brachio- 
poda. 

The reader will of course conclude from what was said at p. 410. 
that all these oolitic species were not living at one and the same 
time, there having been continu^ changes going on in the fauna 
from the period of the lowest to that of the uppermost member of 
the oolitic series ; but the proportions of the two families of shells 
may be correctly deduced from the data above given. If we consult 
the same table to obtain the relative numbers of these same orders of 
mollusca in the oolites, we find 536 Lamellibranchiata and only 
sixty-nine Brachiopoda, these last therefore being reduced to nearly 
an eighth part of the whole bivalve fauna. If we then turn to the 
actual British seas, we observe that Forbes and Hanley give 220 
living species of Lamellibranchiata and only five Brachiopods, the 
latter being reduced to a forty-fourth pjirt of the whole fauna. As 
the lamelli branchiate mollusks have an organization of a more com- 
])Iex and higher grade, the fact of their increasing preponderance 
from the earliest to the latest times has been often cited, and not 
without reason, as favouring the theory of progressive development. 


Devonian Strata in the United States and Canada. 

In no country hitherto explored is there so complete a series of 
strata intervening between the Carboniferous and Silurian as in the 
United States. This intermediate or Devonian group was first 
studied in all its details, and with due attention to its fossil remains, 
by the Government Surveyors of New York. In its geogrtaphical 
extent, that State, taken singly, is about equal in size to Great 
Britain ; and the geologist has the advantage of finding the 
Devonian rocks there in a nearly horizontal and undisturbed con- 
dition, so that the relative position of each formation can be ascer- 
tained with certainty. 


Subdivisions of the New York Devonian Strata, in the Reports of 
the Government Surveyors. 


Names of Groups. 

1. Catskill group, or Old Red Sandstone - 

2. CheinuTig group - . . . 

3. Rortage \ 

4. Gencssec / 

5. Tully 

6. llaUfilton 

7. Marcclliis 

8. Corniferousl 

9. Onondaga j • - - - - 

10. Schoharie 

11. Cauda- Galli grit j - - - - 

12. Oriskany sandstouo . 


Thickness in FeeU 
- 2000 

- 1500 

- 1000 

15 

- 1000 
50 

50 

10 

5 to 30 
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These subdivisions are of very unequal value, whether we regard 
the thickness of thefbeds or the distinctness of their fossils ; but 
they have each some mineral or organic character to distinguish 
them from the rest. Moreover, it has been found, on comparing the 
geology of other North American Stages with the New York 
standard, that some of the above-mentioned groups, such as Nos. 2. 
and 3., which are respectively 1500 and 1000 ft. thick in New York, 
are very local, and thin out when followed into adjoining States; 
whereas others, such as Nos. 8. aiid 9., the total thickness of whicli 
is scarcely 50 feet in New York, can be traced over an area nearly 
as large as Europe. 

Respecting the upper limit of the above system, there has been 
very little difference of opinion, since the Red Sandstone No. 1. 
contains Holoptychius nobilissimus and other hsh characteristic 
geiierically or specifically of the European Old Red. More doubt 
has been entertained in regard to the classification of Nos. 10, 11, 
and 12. M. dc Verneuil proposed in 1847, after visiting the United 
States, to include the Oriskany sandstone in the Devonian ; and 
Mr. D. Sharpe, after examining tlie fossils which I had collected in 
America in 1842, arrived independently at the same conclusion.* 
The resemblance of the Spirifei’s of this Oriskany sandstone to those 
of the Lower Devonian of the Eifel was the cliief motive assigned 
by M. de Verneuil for bis view ; and the overlying Schoharie grit, 
No. 10., was classed as Devonian because it contained a species of 
Asterohpis, On the other hand, Prof. Hall adduces many fos.sils 
from Nos. 10. and 12. which resemble more nearly the Ludlow 
group of Murchison than any other European type; and lie thinks, 
therefore, that those groups may be “ Upper Silurian.” Sir William 
Logan has shown that the fossils of the Gaspe limestones in Eastern 
Canada favour the same opinion, and demonstrate at least how diffi- 
cult it is to draw a dividing line in that country between the De- 
vonian and Silurian systems. Altliough the Oriskany sandstone is 
no more lliaii 30 feet thick in New York, it is sometimes 300 feet 
thick in Pennsylvania and Virginia, where, together with other 
primary or palaeozoic strata, it lias been well studied by Professors 
W. 11. and II. D. Rogers. 

The upper divisions (from tlie Catskill to the Gcnessec groups 
inclusive, Nos. 1. to 4.) consist of arenaceous and shaly beds, and 
may have been of littoral origin. They vary greatly in thickness, 
tind few of them can be traced into the “ far West whereas the 
calcareous groups, Nos. 8. and 9., although in New York tliey liave 
seldom a united thickness of more than 50 feet, are observed to con- 
stitute an almost continuous coral-reef over an area of not less than 
500,000 square miles, from the State of New York to the Missis- 
sippi, and between Lakes Huron and Michigan, in the north, and 
the Ohio River and Tennessee in the south. In the Western States 

* De Verneuil, Biilleiin, 4. 678., 1847; D. Sluirpc, Quart. Journ. Gcol. Soc., 
vol. iv. pp. 145., 1847. 
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they are represented by the upper part of what is termed “the Cliff 
Limestone.” There is a grand display of this calcareous formation 
at the falls or rapids of the Ohio River at Louisville in Kentucky, 
where it much resembles a modern coral-reef. A wide extent of 
surface is exposed in a series of horizontal ledges, at all seasons when 
the water is not high ; and, the softer parts of the stone having de- 
composed and wasted away, the harder calcareous corals stand out 
in relief, their erect stems sending out branches precisely as when 
they were living. Among other species I observed single corals, not 
less than 5 feet in diameter, of Favosiles gothlandica^ with its 
l)eautiful honeycomb structure well displayed, and, by the side of it,* 
the Favistelltty combining a similar honeycombed form with the star 
of the Astrma. There was also the cup-shaped Cyath&phyllum^ and 
the delicate network of the Fenestella^ and that elegant and well- 
known European species of fossil, called “the chain coral,” Cateni- 
pora escharoides (see fig. 631., p. 553.), with a profusion of others. 
These coralline forms were mingled with the joints, stems, and occa- 
sionally the heads of lily encrinites. Although hundreds of fine 
specimens have been detached from these rocks to enrich the 
museums of Europe and America, another crop is constantly work- 
ing its way out, under the action of the stream, and of the sun and 
rain in the warm season when the channel is laid dry. The waters 
of the Ohio, when I visited the spot in April, 1846, were more than 
40 feet below their highest level, and 20 feet above their lowest, so 
that large spaces of bare rock were exposed to view.* 

No less than 46 species of British Devonian corals are described 
in the monograph published in 1853 by Messrs. M. Edwards and 
Jules Haime (Palasontographical Society), and only six of these occur 
in America; a fact, observes Prof. E. Forbes, which, when we call 
to mind the wide latitudinal range of the Anthozoa, has an important 
bearing on the determination of the geography of the northern 
hemisphere during the Devonian epoch. We must also remember 
that the more conspicuous corals of these ancient reefs, viz., those 
which are like our cup and star corals, all belong to the Zoantharia 
rtigosa^ a sub-order which, as before stated (p. 511. c/ S€q,\ has no 
living representative. Hence great caution must bo used in admit- 
ting all inductions drawn from the presence and forms of these 
zoophytes, respecting the prevalence of a warm or tropical climate 
in high latitudes at the time when they flourished, — for such induc- 
tions, says Prof. E. Forbes, have been founded “ on the mistaking of 
analogies for affinities.” f 

This calcareous division also contains Goniatites^ SpiriferSy Pen- 
tremitesy and many other genera of Mollusca and Crinoidea, corres- 
ponding to those which abound in the Devonian of Europe, and some 
few of the forms are the same. But the difficulty of deciding on the 
exact parallelism of the New York subdivisions, as above enumerated, 

• Lycll’s Second Visit to the United f Gcol. Quart. Journ., vol. x. p. 60., 
States, vol. ii. p. 277. 1854. 
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with the members of the European Devonian, is very great, so few 
are the species in common. This difficulty will best be appreciated 
by consulting the critical essay published by Mr. Hall in 1851, on 
the writings of European authors on this interesting question.* 
Indeed we are scarcely as yet able to decide on the parallelism of 
the principal groups even of the north and south of Scotland, or 
on the agreement of these again with the Devonian and lihenish 
subdivisions. 

Canada. — Tn Western Canada many of the subdivisions of the 
New York Devonian system, as above enumerated, from the Chemung 
,to the Oriskany formation, hsive been recognized by the British 
surveyors, and are even traceable continuously, as in the Niagara 
district, from the one country to the other. 

In Eastern Canada, or in the peninsula of Gaspe, south of the 
estuary of St. Lawrence, there is a great thickness of sandstone, 
conglomerate, and shales, referable to the Devonian period, and rich 
ill fossil plants. The conglomerates occur in massive beds, one 
of them being 156 feet thick, including pebbles of white quartz, 
Idaok chert, jaspers of various colours, porphyries and limestones, 
with a base of sandstone. They contain fragments of plants and 
tish-spines or Ichtliyodorulites of the genera Onchtis and Machfera* 
cnnthnm. Above these beds occur sandstones and shales of great 
thickness, some of the sandstones being ripjile-inarked. Towards the 
upper part of the whole series a small seam of coal has been observed 
with carbonaceous sliale, measuring together about three inches ; it 
j’ests on a bed of clay, in which are the roots of Psilophyton (see 
tig. 518.), while stems and leaflets of the same plant an; met with 
in the shale above the coal, and in the carbonaceous slude associated 
with it. At several other levels strata much like tlu; fine clays of 
the Carbon i ferrous period are penetrated vertically by the rootlets of 
this same Psilophyton.^ 

South Africa. — The researches of Mr. Bain and Mr. llubidg(», at 
the Cape of Good Hope, have established the existence of a largi* 
Lower Devonian formation in that part of the southern liemisjihere. 
Curiously enough, the fauna is strictly representative of that in 
northern regions, even to minute coincidences. The late Danit*! 
Sharpe and Mr. Salter described many species referable to Trilobites, 
(Ilomahmotus and Phacops\ Annelids {Tentaculites)., Mollusks, 
{ Cucullclla), and large species of Crinoids allied to P/todocrinu^, 
See., all of the same genera as those found in Cornwall and Germany. 

Vegetation of the Devonian Period, 

From the works of Gdppert, Unger, and Bronn, we learn that the 
fossil plants of the Devonian rocks in Europe resemble generieally, 
with very few exceptions, those of the coal-measures, and more 

* Report of Foster and Whitney on f Sir W. E. Logan, Report of Gcol. 
Geol. of L. Superior, p. 302., Washing- Survey of Canada, p. 394., 1863, 
ton, 1851. 
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ample botanical data obtained from Canada and the United States 
lead to a similar conclusion respecting the flora of the same age in 
America. Dr. Dawson, of Montreal, in an important memoir * on 
this subject, after enumerating thirty-two genera of Devonian plants 
and sixty-nine species collected in the State of New York and in 
Canada, observes that they belong chiefly, as in the Carboniferous 
jieriod, to Gymnosperms and Cryptogams. When we peruse his 
catalogue of Conifene, SigillaricB^ Catamites, Asterophyllites, Lepi- 
dodendra, LepiSostrohi, and ferns of the genera Cyclopteris, Neu^ 
ropteris, Sphenopteris, &c., together with fruits, such as Cardio- 
carpiim and Trigonocarpum, we might well suppose that we were 
presented with a list of carboniferous fossils ; and, if told that the 
species differed, and that there was some admixture even of genera 
unknown in Europe, we might be inclined to ascribe such a want of 
agreement to geographical circumstances, and especially to the dis- 
tance of the New from the Old World. But fortunately the coal 
formation is most fully developed on the other side of the Atlantic, 
and is singularly like that of Europe, both lithologically and in a 
large proportion even of the species of its fossil plants. There is 
also the most unequivocal evidence of relative age afforded by super- 
position, for the Devonian strata in the United States are seen to 
crop out from beneath the carboniferous on the borders of Penn- 
sylvania and New York, where both formations are of great thick- 
ness. 

On comparing the species of the Middle Devonian in these coun- 
tries with those of tlie Middle Coal-Measures, we find them all dis- 
tinct, whereas some few species pass from the Upper Devonian into 
the Lower Carboniferous rocks. The genus most characteristic of 
the Devonian, and not found in the Coal, is one already alluded to, 
namely, Psiloj)hyton, believed by Dr. Dawson to be a ly copod ia- 
ceous plant, branching dicliotomously (see P, princeps, fig, 618. A), 
with stems springing from a rhizome, A b, which last has circular 
arcoles, d e, much resembling those of Stigmaria, and like it sending 
forth cylindrical rootlets, as at A c. The extreme points of some of 
the branchlets are rolled up so as to resemble the croziers or cirei- 
nate vernation of ferns, h ; the leaves or bracts, t, supposed to belong 
to the same plant, are described by Dawson as having enclosed the 
fructification. The remains of Psilophyton princeps have been 
traced through all the members of the Devonian series in Canada 
and the State of New York.* Some under-clays in Gaspe are filled, 
as already stated, with its vertical rootlets just as are the fire- 
clays of the coa., both in Europe and America, with those of 
Stigmaria. 

One fragment of fossil wood, found some years ago by Professor 
Hall, in a Dtjvonian limestone of the Hamilton group, on Lake 
Erie, has, according to Dawson f, the structure of an augiospermous 


• Geol. Quart. Journ., vol. xv. p. 477., 1859 ; also vol. xviii. p. 296., 1S62. 
t Ibid., vol. xviii. p. 305., 1862. 
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Fig. 618 . 



Psihphyton princeps. Dawgon, Gcol. Quart. Journ., rol. xt., 1863 ; and Canada Surrey, 1863. 

Species characteristic of the whole Uevouian period In North America. 

A. Psilophyton princeps^ plant restored by Dawson. /. stem, twice natural siae. 

A6. rhizome, or underground root>likc stem. g. termination of branches. 

Ac. cylindricdl rootlets. /i. crozier-liki*. or clrciimte vernation, 

rf. rhizome. i. fructification, 

c. areole of rhizome. 

exogen; but with this single exception the American Devonian 
flora affords, like the Carboniferous, no evidence of the existence of 
plants of higher organization than the gymnosperms. 

The monotonous character of the Carboniferous ffora might be 
explained by imagining that we have only the vegetation handed 
down to us of one set of stations, consisting of wide swampy flats. 
But Dr. Dawson supposes that the geographical conditions under 
which the Devonian plants grew were more varied, and had more of 
an upland character. If so, the limitation of a flora represented by 
so many genera and species to the gjmnospcrmous and cryptogamous 
orders, and the absence of plants of higher grade, admit of no 
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explanation hitherto advanced save that afforded by the theory of 
progressive development. Nothing is known of the insects, land- 
shells, or other terrestrial animals which co-existed with this 
Devonian flora, but we need not despair of future discoveries in 
this direction when we remember that slow as has been our pro- 
gress, wo have at length begun to learn something respecting the 
terrestrial fauna of the Coal period. 

Allusion has already been made to freshwater shells and to Lepi- 
dodendraand ferns (see figs. 585. and 586. p. 521.) found in Ireland 
associated with Devonian genera of fish. 


N N 
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CHAPTER XXVII. 

SILURIAN AND CAMBRIAN GROUPS. 

Silurian strata formerly called Transition — Term Grauwackc — Subdivisions of 
Upper, Middle, and Lower Silurians — Ludlou formation and fossils— Oldest 
known remains of fossil fish — Wenlock formation, corals, cystidoans, trilobites— 
Middle Silurian or Llandovery Beds — Lower Silurian rocks— Caradoc and Bala 
Beds — Upper and Lower Llandcilo formations — Cystideae— Trilobites — Grapto- 
lites — Vast thickness of Lower Silurian strata, sedimentary and volcanic, in 
Wales — Foreign Silurian equivalents in Europe — Silurian strata of the United 
States — Amount of specific agreement of fossils with those of Europe — Canadian 
equivalents — Whether Silurian strata of deep-sea origin— Oami)rian rocks — 
Classification and nomenclature— Barrande’s primordial fauna — Upper Cam- 
brian of Wales — Tremadoc slates — Lingula flags— Lower Cambrian — Long- 
mynd group — Oldest organic remains known in Europe — Foreign equivalents of 
the Cambrian group — Primordial zone of Bohemia — Characteristic trilobitcs — 
Metamorphosis of trilobitcs— Alum schists of Sweden and Norway — Potsdam 
sandstone of United States and Canada — Footprj|ts near Montreal — Quebec 
strata and Huronian rocks — Minnesota trilobitcs — Rocks older than the Cam- 
brian— Laurentian group, Upper and Lower — Oldest known fossil, Eozoon Cana- 
dense — No remains of vertebrate animals known in strata below the Upper 
Silurian — Progressive discovery of vertebrata in older rocks— Theoretical infer- 
ences from the rarity or absence of vertebrata in the most ancient fossiliferous 
formations. 

We come next in the descending order to the most ancient of the 
])rimary fossiliferous rocks, that series which comprises the greater 
part of the strata formerly called “ transition” by Werner, for rea- 
sons explained in Chap. VIII., pp. 91. and 93. Geologists were 
also in the habit of applying to these older strata the general name 
of “grauwacke,” by 'which the German miners designate a parti- 
cular variety of sandstone, usually an aggregate of small fragments 
of quartz, flinty slate (or Lydian stone), and clay-slate cemented to- 
gether by argillaceous matter. Far too much importance has been 
attached to this kind of rock, as if it belonged to a certain epoch in 
the earth’s histoiy, whereas a similar sandstone or grit is found in 
the Old Red, and in the Millstone Grit of the Coal, and sometimes 
in certain Cretaceous and even Eocene formations in the Alps. 

The annexed table will explain to the reader the successive 
formations into which the strata called Silurian by Sir Roderick 
Murchison may be subdivided : — 
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UPPER SILURIAN ROCKS. 


1. Ludlow Formation. 

Prevailing Lithological 
('iiaracters. 

a, Downfon Sandstone, — Finc-graine<l yel- 
lowish sandstones and hard rcddi.«h 

Upper j jrrits; at the base a “ bone-bed ” with 

Ludlow. 1 fish remains. 

b. Micaceous grey sandstone and mud- 
stone. *. 

■a, Aymestry Limestone. — Argillaceous 
Lower J limestone. 

Ludlow, j b. Lower Ludlow Shale — Shale with cal- 
1 ^ carcous concretions, often of large size. 

2. Wenlock Formation. 

Upper C Wenlock Limestone. — Concretionary and 
iV'cnlock. 1 thick-bedded limestone. 

^a. Wenlock Shale. — Argillaceous shale, 
j frequently fl.igstonc. 

Lower I b, Woolhope Limestone and Denbighshire 
iVcnlock. i Grit. — Argillaceous limestone and 
shale, sometimes replaced by felspathic 
I sandstones and grit. 


Thickness 
in Pcet. 

I r 

!- 80 


700 

50 


1000 


Above 

3000 


Organic Remains. 


Marine mol'iisca of almost 
every order, the lirarliio- 
poda most abundant ; 
Aniu'lidc«, Critioidea, and 
corals ; PUroi'l and 
noni fl^ll ^)lde«t rem.iins 
offisii \et kii(i*An> ; a lew 
(iraptoli'es; ('riisiace^of 
the Kurypterid oriur. 
Seaweeds. 


Marine Mollusra and Ra- 
diate : Criist.nceans oi 
the Trilobitf and E'lrjp- 
teMd orders ; Graptu- 
lites abundant. 


irpper 

Llandovery. 


Lower 
landovcry. 


MIDDLE SILURIAN ROCKS. 

LLANDOVERr FORMATION. 

Ca. Tarannon Shale. — Purple or pale-co- 
loured shales. j 

b. May -Hill Sandstone and Pentamerus ^ 
Limestone. — Nodular limestone and j 
(lark shale ; calcareous sandstone, with 
underlying coarse grits, often red-co- 
, loured. 

Llandovery Slates .' — Hard sandstone and ^ 
slate, frcipicntly with conglomerate V 
beds. J 


"•J 


1000 


600 

GOO 

to 

1000 


('rinoidea and corals Tpr3 
abundant; Cvstideae;Mul- 
lu»ra, chie'fly Brachiu- 
poda; Pentamens la^vis 
being characteristic ot the 
limestones. 


LOWER SILURIAN ROCKS. 

1. Caradoc Formation. 

fa. Caradoc Sandstone. — Shelly sand- j 

I stones and conglomerates and shales. | 

Caradoc. J b. Bala Limestone. — Arenaceous lime- !■ 1 2,000 ^ 

I stone; slate, and sandstones with trap- 
L pean tufis. J 

2. Llandeilo Formation. 

Upper / «• Upper Llandeilo ~ -Dark -coloured slates, 

leilo. \ 


'Rrachiopoda. numerous ; 
Lamellibranchiata : Cv- 
phalopoda ; Pierop' da 
( Conularia) of large size ; 
I'ystuieae. abiin iant ; 
Trilohites, reaching their 
maximum in speue-< ; 
Graptulites numerous. 


-.landeilo. 1 with calcareous flags and sandstones. 


Lower 

dandeilo. 


b. Lower ^Llandeilo or Arenig Beds 

Qiiartzose sandstones and grits, with 
argillaceous slates. -I 

c. Volcanic Rocks contemporaneous with a. > 
and h.— Stratified tufts (3300 fu) ; fels- X 
pathic and porphyritic lavas (2 . *100 ft.). ' 

N N 2 


1000 
' to 
1500 


('Mollu.«ca, chiefly Cc h.i- 
I lupods of large size; 

J Heteropoda ( JSlr/A •»<.»- 

I phon) numerous ; (irap- 

I tolitet ; Tniobites of 

L large size. 

rFo-silsof the s.ime genor.i. 
I but all dilfering in sr.ecu s 

I from tlioseof the rjiper 

S Llandeilo. TrilobitCMiu- 

I merous : Gruptolites of 

I \arious species. 


rOrganic remains, as in n. 
5800 -j^ and A 
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The name of Silurian was first proposed by Sir Roderick Mur- 
chison for that great series of fossiliferous strata which lie imme- 
diately below the Old Red Sandstone, and occupy that part of Wales 
and some contiguous counties of England which once constituted 
the kingdom of the SilureSy a tribe of ancient Britons. 

UPPER SILURIAN ROCKS. 

1. Ludlow Formation. 

This member of the Upper Silurian group, as will be seen by the 
above table, is about 800 feet thick, and subdivided into two parts 
— the Upper Ludlow and the Lower Ludlow — at or near the top of 
which last occurs the Ayraestry limestone. Each of these may be 
distinguished near the town of Ludlow, and at other places in 
Shropshire and Herefordshire, by peculiar organic remains. 

Upper Ludlow, — a. Downton Sandstone, — This uppermost sub- 
division was originally classed by Sir R. Murchison, under the name 
of “ Tilcstones,” with the Old Red Sandstone, the beds being often 
of a similar red colour. The whole was regarded as a transition 
group forming a passage from the Silurian strata to Old Red Sand- 
stone ; but it is now ascertained that the fossils agree in great part 
specifically, and in general character entirely, with those of the 
underl3dng Upper Ludlow rocks. Among these arc Orthoccras 
huUatum, Plnfyschisma helicites, Bellerophon trilobatus, Chonctes 
lata, &c., with numerous defences of fishes. These beds arc well 
seen at Kington in Herefordshire, and at Downton Castle near 
Ludlow, where they are quarried for building. 

Bone-bed, — The bone-bed of the Upper Ludlow deserves especial 
notice as affording the most ancient example of fossil fish occurring 
ill any considerable quantity. It usually consists of one or two thin 
brown layers full of bony fragments near the junction of the Old R(m 1 
Sandstone and the Ludlow rocks, and was first observed by vSir R. 
Murchison, near the town of Ludlow, where it is three or four 
inches thick. It has since been traced to a distance of 45 miles 
from that point into Gloucestershire and other counties, and is 
commonly not more than an inch thick, but varies to nearly a foot. 
At May-Hill two bone^beds are observable, with 14 feet of interven- 
ing strata full of Upper Ludlow fossils.* At that point immediately 
above the upper fish-bed numerous small globular bodies have been 
found, which were determined by Dr. Hooker to bo the sporangia 
of a cryptogamic land-plant, probably lycopodiaccous. These beds 
occur just beneath the lowest strata of the “Old Red," forming the 
uppermost part of the Downton sandstone. 

Most of the fish have been referred by Agassiz to his placoid 
order, some of them to the genus Onchus, to which the spine 
(fig. 619.) and the minute scales (fig. 620.) are supposed to belong. 


♦ Murchison’s Siluria, pp. 137-237. 
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It has been suggested, however, that Onchus may be one of those 
Acanthodian fish, referred by Agassiz to his Gauoid order, which 


Fig. 619. Fig. 620. 

Onchus tenuistrfatus^ Agass. Shagreen-scales of a placoid fish 

Bonc-hed. Upper Silurian ; Ludlow. {Thelodus). 

Bone-bed. Upper Ludlow. 

are so characteristic of the base of the Old Red Sandstone in For- 
farshire, although the species of the Old Red are all difierent from 
those of the Silurian beds now under con- 
sideration.* The jaw and teeth of another 
predaceous genus (fig. 62 K) have also been 
detected, together with some specimens of 
Fleraspis Ludensis. As usual in bone-beds, Bme^^.^u^wLudZlv: 
the teeth and bones are, for the most part, 
fragmentary and rolled, 

d. Grey Sandstone and Mudstone^ &c. — The next subdivision of the 
Upper Ludlow consists of grey calcareous sandstone, or very com- 
nionly a micaceous stone, decomposing into soft mud, and contains, 
besides the shells just quoted, a Lingula^ which is common to it and 
the “Tilcstone” (or Ledbury) beds, at the base of the Old Red. 
The Orthis orbicularis, a round variety of O. elegantula, is charac- 
teristic of tlie Upper Ludlow ; and the lowest or mudstone beds 
contain Rhynchouella navicula (fig. 623.), which is common to this 



Fig. 622. 



Orthts I'lcgantnla^ Dalm. Var. orbtcularis, 
J. Suw. Delbury. 

Upper Ludluw. 


Fig. C23. 



Athyris {Rhynckonella) navtcula^ J. Sow. 
Aymestry limeKtone ; also m 
Upper and Luw'er Ludlow. 


bed and the Lower Ludlow. As usual in strata of the Primary 
periods, older than the coal, the brachiopodous mollusca greatly 
outnumber the lamellibranchiato (see above, p. 538.) ; but the latter 
are by no means unrepresented. Among other genera, for example, 
wo observe Avicula and Pterinea, Cardiola, Ctenodonta (subgeuus 
of Nucula), Orthonota, and ModioUu 

Some of the Upper Ludlow sandstones are ripple-marked, thus 
affording evidence of gradual deposition ; and the same may be said 
of the accompanying fine argillaceous shales which are of great thicks 
ness, and have been provincially named mudstones.” In some of 
these shales stems of crinoidea are found in an erect position, having 

* I'owrie, Geol. Quart. Journ., vol, xx. p. 438. 
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evidently become fossil on the spots where they grew at the 
bottom of the sea. The facility with which these rocks, when ex- 
posed to the weather, are resolved into mud, proves that, notwith- 
standing their antiquity, they are nearly in the state in which they 
were first thrown down. 

Lower Ludlow, — a, Aymestry Limestone, — The next group is a 
subcrystalline and argillaceous limestone, which is in some places 
50 feet thick, and distinguished around Aymestry and at Sedgley 
by the abundance of Penfamerus Knightii^ Sow. (fig. 624.), aleo 


Fig. 024. 



PcufaMerus Xnishtif, Sow. Ajmestry. ^ iiat. size'. 
a. view of both valves united. 

h. longitudinal section through both valves, showing the central plates or septa. 


found in the Lower Ludlow. This genus of brachiopoda was first 
found in Silurian strata, and is exclusively a palmozoic form. 
The name was derived from irerrej pente, five, and yepoc, meros, a 
part, because both valves are divided by a central septum, making 
four chambers, and in one valve the septum itself contains a small 
chamber, making five. The size of these septa is enormous compared 
with those of any other brachiopod shell ; and they must nearly have 
divided the animal into two equal halves ; but they are,' neverthe- 
less, of the same nature as the septa or plates which are found in the 
interior of Spirifer^ Terebratula, and many otlier 
Fig. 62.5. shells of this order. Messrs. Murchi.son and Do 



Lingula Lewitii, 
J. .Sow. 

Abberley Hills. 


Verneuil discovered this species dispersed in 
myriads through a white limestone of Upper 
Silurian age, on the banks of the Is, on the 
eastern flank of the Urals in Russia, and a similar 
species is frequent in Sweden. 

Three other abundant sliells in the Aymestry 
limestone are, Ist, Lingula Zre^a^.s•^^ (fig, 625.); 2ud, 
Ukynchonella PVilsoni, Sow. (fig. 626.), which is 
also common to the Lower Ludlow and Wcnlock 
limestone ; ^rd,A(rypa reticularis^ Linn. (fig. 627.), 
which has a very wide range, being found in every 


part of the Upper Silurian system, and as far down as the Lower 


Llandovery rocks. 

The Aymestry Limestone contains so many shells, corals, and 
trilobftes, agreeing specifically with those of the subjacent Wcnlock 
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Fig. 626. 



Rhynchonella {Terebratula) Wilsoni, Sow. Aym^try. 


Fig. 627. 



Atrypa reticularis, Linn. (Terehraiula affinity Min. Con.) Aymestrjr. 
Cl. upper valve. 6. lower valve, 

c. anterior margin of the valvei. 


Fig. 628. 


limestone, that it is scarcely distinguishable from it by its fossils 
alone. Nevertheless, many of the organic 
remains are common to the Aymestry lime- 
stone and the Upper Ludlow, and severa 
of these are not found in the Wenlock.* 

According to Mr. Lightbody, the Ay- 
mestry limestone should be considered as 
subordinate to the Lower Ludlow shales 
next to be mentioned, as in some places 
these shales with their characteristic fossils 
occur both above and below it.f 

h. Lower Ludlow Shale. — This mass is a 
dark grey argillaceous deposit, containing, 
among other fossils, many large chambered 
shells of genera scarcely known in newer Phragmoeerasventricosum,3.s>ow 
rocks, as the Phragmoceras of Broderip, 
and the Trochoceras of Barrande (see 

ligs. 628, 629.). The latter is partly straight and partly convoluted 
in a very flat spire. 

The Orthoceras Ludense (fig. 630.), as well as the cephalopod last 
mentioned, is almost peculiar to this member of the series. 

A species of.Graptollte, G. Ludensis^ Murch. (fig. 610. p. 5o6.), a 
form of zoophyte or polyp which has not yet been met with in strata 
above the Silurian, occurs plentifully in the Lower Ludlow. 



* Murchison’s Silurla, p. 133. 
t Quart. GeoL Jourii., vol. xix. p. 371., 1863. 
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Fig. 629. 


Trochoceras {LHuites) gignnteus, J. Sow, 

Near Ludlow ; also in the Ajrmestrv and 
Wenlock limestones. ^ iiat. size. 

Starfish, as Sir R. Murchison points out, are by no means rare in 
the Lower Ludlow rock. These fossils present us with new genera, 
but they remind us of various living forms now found in our British 
seas, both of the families Asteriad^e and Ophiurid<B. 

Oldest known fossil fish , — In 1855, when the last edition of this 
work w'as published, I was unable to cite any example of a fossil 
lish older than the bone-bed of the Upper Ludlow, hdt in 1859 a 
specimen of Pteraspis was found at Church Hill, near Leintwardine 
in Shropshire, by Mr. J, E. Lee of Caerleon, F.G.S., in shale below 
the Ayniestry limestone, associated with fossil shells of the Lower 
Ludlow formation — shells which differ considerably from those cha- 
racterizing the Upper Ludlow already described. 

The genus Pteraspisy as wo have seen (p. 528.), is regarded by 
Prof. Huxley as allied to the Sturgeon, and tlierefore by no means of 
low grade in the piscine class. Hence its detection in the rocks lower 
in the scries than those to which the earliest known vertebrata had 
previously been traced, is a fact of no slight interest ; for they 
who have full faith in the doctrine of progressive development will 
naturally expect to meet with the earliest vestiges of the piscine 
class in still more ancient strata. They may look, for example, in 
the Lower Silurian, or in the Cambrian rocks, for representatives of 
such orders as the Marsipobranchii and Pharyngobranchii, to which 
the Lamprey and Amphioxus respectively belong. Professor Huxley 
remarks that some might argue that lish of those orders may be 
absent from the older rocks for the same reason that they are 
entirely missing in all the newer ones, whether palaeozoic or neozoic, 
namely, because they are without bony skeletons or hard scales."* 
But the same author reminds us that the Lampreys at least might 
have left some definite traces of their horny teeth. Besides, the 
advocates of progression would scarcely be satisfied with such a 
way of accounting for the total absence of all traces of ichthyolites in 
strata more ancient than the Upper Silurian, for, according to them, 
the earliest types of each class resembling the embryonic states of 
more highly organized beings, exhibit, when they are first developed, 
a great diversity of form and structure, as, according to their view, did 
the batrachoid reptiles before the true saurians came into existence, 
or the saurians before the placental mammalia had entered on the 
stage. Each primitive type, whether vertebrate or invertebrate, when 

* Memoirs of Survey Decade, vol. x. p. 40. 



Fig. 630. 



Fragment of Orthoceras Ludense^ J. Sow. 
Leintwardine, Shropshire. 
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first it became dominant and hud the world to itself, unchecked in 
its struggle for life by the competition of rivals of more advanced 
structure, deviated in shape and organization in an infinite variety 
of ways, sometimes imitating in certain of its characters beings of 
higher grade. Under favourable conditions of this kind, we might 
expect some members of the lamprey and Amphioxus orders to have 
exchanged a gelatinous or semi-cartilaginous spinal cord for an 
ossified one, or to have acquired hard and scaly dermal coverings, 
or even to have been armed with teeth of more than horny consis- 
tency, and this without departing from the types of their respective 
orders. Had any such fossils been found in very ancient rocks, the 
])rogressionists would certainly have claimed them triumphantly as 
corroborating their views, and they are therefore bound in fairness to 
draw, from the absence of such remains in ancient strata which teem 
with organic forms, one of two conclusions ; namely, either that the 
j)rogressive theory is doubtful, or that we can place no reliance what- 
ever on negative evidence as establishing the non-existence of 
certain types at remote eras. The latter is the alternative to which 
it appears to me we ought to incline in the present state of our 
knowledge. 

2. Wenlock Formation. 

We next come to the Wenlock formation, which has been divided 
(see Table, p. 547.) into the Upper Wenlock, or Wenlock Limestone, 
and tJio Lower Wenlock, including, first, the Wenlock shale, and 
secondly, the Woolhope limestone and Denbighshire grits. 

Upper Wenlock , — Wenlock Limestone, — This limestone, otherwise 
well known to collectors by the name of the Dudley limestone, forms 
a continuous ridge in Shropshire, ranging for 
about 20 miles from S.W. to N.E., about a 
mile distant from the nearly parallel escarp- 
ment of the Aymestry limestone. This ridgy 
prominence is due to the solidity of the rock, 
and to the softness of the shales above and 
below it. Near Wenlock it consists of thick 
masses of grey subcrystalline limestone, re- 
plete with corals and encrinites. It is es- 
sentially of a concretionary nature ; and 
the concretions, termed “ball-stones” in 
Shropshire, are often enormous, even 80 feet 
ill diameter. They are of pure carbonate of 
lime, the surrounding rock being more or less 
argillaceous.* Sometimes in the Malvern 
Hills this limestone, according to Professor 
Phillips, is ooKtic. 

Among the corals in which this formation is so rich, the “ chain - 
coral,” Ilalysites catenularius^ or Catenipora escharoides (fig. 631.), 
may be pointed out as one very easily recognized, and widely spread 
in Europe, ranging through all parts of the Silurian group, from 

* Murchison’s Siluria, chap. vi. 


Fig. 631. 



Halysites catenularius^ Linn. 
si». S}mV. Catempora cscharotrifi. 
Gold.’ Upper and Luwer Si- 
lurian. 
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the Aymcstry limestone to near the bottom of the series. Another 
eoral, the Favosites Gothlandica (fig. 632.), is also met with in pro- 
fusion ill large hemispherical masses, which break up into prismatic 
fragments, like that here figured (fig. 632.). Another common form 
in the Wenlock limestone is the Omphyma (fig. 633.), which, like 

Fig. 632. Fig. G33. 



Favosites Gotklatuitca, Lam. Dudley. 

a. (Hirtion of a large mass ; less than the 

natural size. 

b. magniliftl purtioii, to sliow the pores 

and the parCitiuus in the tubes. 



Oynphyma turbinatum, l<inn. sp. 

(Cyalbophf/Uum, GohlT.) 
Wenlock Limestone, Shroi «hire. 


many of its companions, reminds us of some modern cup-corals, ]>ui 
all the Silurian genera belong to the palaeozoic typo before men- 
tioned (p. oil.), exhibiting the quadripartite arrangement of the 
lamella3 witliin the cup. 

Among the nunuTous Crinoids, several peculiar species of Cya- 
thocrinm (for genus, see figs., p. 513.) contribute their calcareous 
stems, arms, and cups towards the composition of the Wenlock lime- 
stone. Of Cystideans there are a few very remarkable forms, some 
of them peculiar to the Upper Silurian formation, as, for example, 
tlie Fseudocrinites, which was furnished with pinnated fixed arms^, 
as represented in the annexed figure (fig. 633.). 

The Bracliiopoda arc, many of them, of the same species as those 
of the Aymestry limestone ; as, for example, Atrypa reticularis (fig. 
627. p. 551.), and Strophomena depressa. Sow. sp. (fig. 635.) ; but 



Psfftdocrinites bifaseiatua, Pearce. 
Wenlock Limeitone, Dudley. 


Fisr. 633. 



Strojihomena (Lepfarna) depressa. Sow. 
Wenlock and Ludlow Rocks. 


^ E. Forbes, Mem. Gcol. Survey, vol. ii. p. 496. 
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the latter species range also from the Ludlow rocks, Wenlock shale, 
and to the Caradoc Sandstone. There are some species, however, 
peculiar to the Upper Wenlock, of the genera /MywcAoneWtf, Retzia^ 
Spirifer, Athyris^ &c. 

The Crustaceans are represented almost exclusively by Trilobites, 
which are very conspicuous. The Calymene Rlumenbachiiy called 
the “ Dudley Trilobite,” was known to collectors long before its true 
place in the animal kingdom was ascertained. It is often found 
coiled up like the common Oniscus or wood-louse, and this is so 
common a circumstance among the trilobites as to lead us to conclude 
that they must have habitually resorted to this mode of protecting 
themselves when alarmed. The other common species is the Phacops 
cnudatus {Asaphus caudatus)^ Brong. (see fig. 637.), and this is con- 
spicuous for its largo size and flattened form. Sph^rexochus mirus 
(fig. 638.) is almost a globe when rolled up, the forehead of this species 


Fig. 637. 



PhacopM ( Asaphus) caustatus, Brong. 
^Wwilock, Aymcstry, and Ludlow rocks. 


Fig. 639. 


being extremely inflated. The ITomalonotus, a form of Trilobite in 
which the tripartite division of the dorsal crust 
is almost lost (see fig. 639.), is very characteristic 
of tliis division of the Silurian series ; and there 
arc numerous other genera and species. 

Lower IVettlock. — a. Wenlock Shale Tins, ob- 
serves Sir R. Murchison, is infinitely the largest 
and most persistent member of the Wenlock 
formation, for the limestone often thins out 
and disappears. The shale, like the Lower Lud- 
low, often contains elliptical concretions of im- 
pure earthy limestone. In the Malvern disti-ict 
it is a mass of finely levigated argillaceous matter, 
attaining, according to Prof. Phillips, a thickness 
of 640 feet, but*it is sometimes more than 1000 feet 
thick in Wales, and is worked for flagstones and 
slates. The prevailing fossils, besides corals and 
trilobites, and some crinoids, are several small 
species of Orthis^ Cardiola^ and numerous thin- 
shelled species of More than one 
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Fig. 640. 


Graptoitthus Ludensta, Murchison. 
l.udluw aud NV euioch i&\ia\es. 


species of Graptolite, a group of 
zoophytes before alluded to as being 
coridued to Silurian rocks, is very 
abundant in this shale, and occurs 
more sparingly in “tbo Liudlow." 
Of these fossils, which are more characteristic of the Lower Silurian, 
1 shall again speak in the sequel (p. «5GL). 

b. Woolhope Limestone and Grit — TJiough not always recognized 
as a separate subdivision of the Wenlock, the Woolhope beds which 
underlie the Wenlock shale are of great importance. Usually they 
occur as massive or nodular limestones, underlaid by a fine shale or 
liagstoue ; and in other cases, as in the noted Denbighshire sandstones, 
as a coarse grit of very great thickness. This grit forms mountain 
ranges through North and South Wales, and is generally marked by 
the great sterility of the soil where it occurs. It contains the usual 
Wenlock fossils, but with the addition of some common in the 
uppermost Ludlow rock, such as Chonetes lata and Belter ophon 
trilobatus* The chief fossils of the Woolhope limestone are lUcenus 
Barriensis, Homalonotus delphinocephalus (fig. 639.), Strophomena 
hnbrexy and Bhynchonella Wilsoni (fig. 626.). The latter attains 
in the AVoolliope beds an unusual size for the species, the speci- 
mens being sometimes twice as large as those found in the Wenlock 
limestone. 


MIDDLE SILURIAN ROCKS. 

Upper Llandovery, — a, Tarannon shale, — Next below the Wen- 
Jock formation are found in some places the Tarannon sliales or 
})ale slates, sometimes purple, which are of small thickness near 
Llandovery, but acquire large dimensions at Tarannon in Mont- 
gomeryshire, being, according to Ramsay, about 1000 feet thick in 
that locality ; according to Mr. Jukes and Mr. Aveline, they form 
a band of great persistence, extending from Llandovery, through 
Radnor and Montgomery, to North Wales. Fossils are rare in 
them, and most of them are of species common to the Wenlock for- 
mation. 

h. May •Hill Sandstone, — ^Next in descending order comes tlie 
May-Hill sandstone, which may be advantageously studied at May- 
Hill in Gloucestershire and in the Malvern and Abberley Hills ; its 
position was first accurately determined by Prof. Sedgwick, who 
considered it as the true base of the Upper Silurian rocks. In the 
Malvern range it attains a thickness of 600 feet. These beds were 
formerly called Upper Caradoc, when they were supposed to bo part 
of the Caradoc formation, to be mentioned in the sequel ; but this 
nomenclature has been abandoned for good reasons,«with which 1 
need not here detain the reader. They are named Upper Llan- 
dovery by Sir R. Murchison in the last edition of his “ Siluria.” Con- 
jointly with the Lower Llandovery rocks, they have been called the 


* Sedgwick, Quart. GcoL Journ., vol. 1. p. 20., 1845. 
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Pentamcrufl beds, because Pentamerus IcRvis is very abundant in 
them, a brachiopod wanting both in the Upper and Lower Silurian. 
It is usually accompanied by P. oblongm, which some zoologists 

Fig. 641. 



Pentamerus Uevis^ Sow. Upper and Lower Llandovery beds 
Perhaps the young of PeiUameruit ablongus. 
a, b. Tiewt of the shell itself, from figures in Murchison's ** Silurian System.” 

c. cast with portion of shell remaining, and with the hollow of the central septum filled with 

spar. 

d. internal cast of a valve, the space once occupied by the septum being represented by a hollow 

in which is seen a cast of the chamber within the septum. 


consider as the young of P. IcBvis, others as a distinct species : both 
forms have a wide geographical range, being also met with in the 


bamc part of the Silurian series in Russia and the United States. 

The May-Hill or Upper Llandovery group sometimes consists of 
a conglomerate, but oftener of limestones and shales, especially in 
the upper part. It ranges from the skirts of the Longmynd by 
Builth, Llandovery, and Llandeilo, to the sea in Marlow's Bay, 
where it is particularly well exhibited in the cliffs. The con- 
glomerate is derived from the waste of the Lower Silurian rocks. 
About sixty species of fossils are known in the May-Hill division, 
more than half of which are, according to Mr. Salter, Wenlock 
species. They consist of trilobites of the genera lllepnus and Cf///y- 


mene; Brachiopods of the genera Orthis^ 
Atrypa^ Leptcena^ Pentamerus^ Stropho^ 
mena^ and others ; Gasteropods of the 
genera Turbo^ Mtirchisonia^ and Belle^ 
rophon; and Ptcropods of the genus 
Conularia. The Brachiopods are al- 
most all Upper Silurian species. 

Among the fossils of the May-Hill 
shelly sandstone at Malvern, Tentacu^ 
lites annulatus (fig. 642.), an annelid 
])robably alli«d to Serpula^ is found. 


Fig. 642. 



Temaculttes annvUatuSt Schlot. 
Interior casts in sandstone. 
Upper f.landovery and Caradoc sand- 
stone, Kastnor Park, near Malvern. 
Nut. sue. and magnified. 


It is also abundant in the Caradoc or Lower Silurian. 


Llandovery Rocks (Lower Llandovery of Murchison). — Below the 
May-IIill group are the Llandovery Rocks, so named from a town 
in South Wales, where they are well developed and where they are 
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overlaid uiiconformably by the equivalent of the May-Hill sandstone. 
They consist chiefly of hard slaty rocks, with bands of sandstone 
and beds of conglomerate from 600 to 1000 feet in tliickness. The 
fossils, which are somewliat rare, consist of twenty-eight known 
species, some few ' peculiar, a part agreeing with the May-IIill beds 
and the rest, sixteen in number, belonging to Lower Silurian species ; 
besides these, no less than fifty-four species of fossils are given by 
Sir R. Murchison ns common to the Lower Silurian (Caradoc) and 
the Wenlock formations, and we cannot doubt that all these existed 
in the intermediate Llandovery and Miay-Hill periods. 

The whole May-Hill and Llandovery scries has been considered 
by some geologists as constituting beds of passage between the 
Lower and Upper Silurian, while others have assigned to it the 
rank of a Middle Silurian group. It may, with some reason, be 
objected that the number of peculiar fossils are not sullicient to 
entitle it to so important a distinction ; but there is no small diffi- 
culty at present in adopting any other classification. The two for- 
mations, the ]May-Hill and the Llandovery, are intimaffly connected 
by their fossils, the Lower having about two- thirds of its species 
common to the Upper zone. Again, half the species of the Llandovery 
pass down into the Lower Silurian, just as half the May-Hill 
species pass up into the Wenlock. In England we miglit draw the 
line, as Sir R. Murchison inclines to do, between Upper and Lower 
iSilurian by classing the May-Hill with the higher division, and the 
Llandovery with the lower ; but in countries where there is no un- 
conform ability of strata between the two zones, such a line of 
demarcation between the middle of the Pentamerus beds would be 
impracticable. It has been sometimes suggested that we might form 
a better tripai’tite division of the Silurian rocks by including the 
Wenlock with the May-Hill and Llandovery beds as a middle 
group, classing the two Ludlow formations as Upper, and the Cara- 
doc and Llandeilo formations as Lower Silurian;* but I am not 
prepared to adopt so great a change in the generally-received classi- 
fication. 


LOWER SILURIAN ROCKS# 

Caradoc and Bala Beds. — The Lower Silurian has been divided 
into — 1st, Caradoc Sandstone and Bala Beds; 2ndly, the Llandeilo 
Flags ; and 3rdly, the Lower Llandeilo or Arenig formation. The 
Caradoc sandstone was originally so named by Sir R. I. Murcliison 
from the mountain called Caer Caradoc in Shropshire ; it consists of 
shelly sandstones of great thickness, and sometimes containing much 
calcareous matter. The rock is frequently laden with the beautiful 
trilobite called by Murchison Trinucleus Caractaci (see fig. 647. 
p. 559.), which ranges from the base to the summit* of the forma- 
tion, usually accompanied hy Strophomena grandis (see fig. 645.), 
and Orthxs vespertilio (fig. 644.), with many other fossils. 

^ See Report of Canada Survey Table of Equivalents, p. 932., 1863. 
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Fig. C43. 



Orthis tricenariOt 
Hall. 

New York. Canada. 
^ nat. size. 


Fig. 644. 



Orthis vespertilio^ Sow. 
Shropshire ; N. and 
S. Wales. 

^ nat. size. 


Fig. 645. 



Strophomena {Orthis) grandis^ Sowerby. 
} nat size. 

Horderly, Shropshire ; also Coniston, 
Lancashire. 


Burmeister, in his work on the organization of trilobites, supposes 
them to have swum at the surface of the water in the open sea and 
iK^ar coasts, feeding on smaller marine animals, and to have had the 
])ower. of rolling themselves into a ball as a defence against injury 
lie was also of opinion that they underwent various tran.^formations 
analogous to those of living crustaceans. M. Barrande, author of an 
admirable work on the Silurian rocks of Bohemia, confines the 
doctrine of their metamorphosis, having traced more than twenty 
species through different stages of growth from the young state just 
after its escape from the egg to the adult form. He has followed 
some of them from a point in which they show no eyes, no joints to 
the body, and no distinct tail, up to the complete form with the full 
number of segments. Tliis change is brought about before the 
animal has attained a tenth part of its full dimensions, and hence 
such minute and delicate specimens are rarely met with. Some of 
his figures of the metamorphoses of the common Trinucleus are 
copied in the annexed wood-cuts (figs. 646, 647.). 


Fig 647. 


Fig. 646. 

ah e 

9 / 9 \ 

Young individuals of Trinucleus con-^ 
centricus {T, ornatus, Barr.), 
a. youngest state. Natural size and 
magnified ; the body rings not 
at ail developed. 

A. a little older. One thorax joint, 
c. still more advanced. Toree thorax 
Joints. The fourth, fifth, and 
sixth segments are successively 
produced, probahlv each time 
the animal moulted its crust. 



Trinucteus c^centricus, Eaton. 

Syii. T. rararc/acr, Murch. 

N. Ireland; Wales; Shropshire; N. America 
Bohemia. 


In Mr, Salter’s monograph of the British trilobites, he expresses 
hU opinion that their habit was to live on the sea-bottom and doTour 
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the silt charged with organic matter as sea-worms do, or else, 
possibly, to devour the worms themselves. He supposes the trilobite 
to have had no jaws, and to have Jbeen provided with a suctorial 
mouth.* 

It has been ascertained that a great thickness of slaty and crys- 
talline rocks of South Wales, as well as those of Snowdon and Bala 
in North Wales, which were first supposed to be of older date than 
the Silurian sandstones Jind mudstones of Shropshire, are in fact 
identical in age with the Caradoc formation now under considera- 
tion, and contain the same organic remains,- At Bala in Merioneth- 
shire, a limestone rich in fossils occurs, and below it sandstones 
some thousands of feet in thickness. In this limestone several rare 
starfishes are found, and abundance of those peculiar bodies called 
CystidiB. These last are amongst the most recent additions made by 
palaeontologists to the Radiata, Their structure and relations wens 
first elucidated in an essay published by Von Buch at Berlin in 


1845. They are the Spharoniies of old authors, and are usually 
met with as spheroidal bodies covered with polygonal plates, with a 
mouth on the upper side, and a point of attachment for a stem 

(which is almost always broken off) on 



the lower (fig. 648. b). They were con- 
sidered by Professor E. Forbes as inter- 
mediate between the crinoids and cchi- 
noderms. The Echinospliferonite here 
represented (fig. 648.) is characteristic 
of the Caradoc beds in Wales j, and of 
their equivalents in Sweden and Russia. 

With it have been found several other 
genera of the same family, such as 
SphaeroniteSy ilemicosmitesy SiC. Among 


Echinosphariies baiiieuM, Eichwald, »p. thc mollusca are PtCropods of tllC gCIlUS 
a. tnoiih!^* ^*^*"**^ cpgtidete.) Conullfiria of large size (for genus, see 

fig- l. P. SSG.) ; GraptoUtes arc rare, 
except in peculiar localities where black 


mud abounds. The formation, when traced into South Wales and 


Ireland, assumes a greatly altered mineral aspect, but still retains 
its characteristic fossils. In Tyrol it is especially rich in organic 
remains,^ It is worthy of remark that, when it occurs under the 
f orm of trappean tuff (volcanic ashes of De la Bechc), as in the crest 
of Snowdon, the peculiar species which distinguish it from the 
Llandeilo beds are still observable. The formation generally appears 
to be of shallow-water origin, and in that respect is contrasted 
with the group next to be described. Professor Ramsay estimates 
the thickness of the Bala Beds, including thc contemporaneous 
volcanic rocks, strA;ified and unstratified, as being 'from 10,000 to 
12,000 feet in thickness. 

Llandeilo Flags , — The Lower Silurian strata were originally 


* Palaiontographica, vol. xvi. p. 9., and Mem. Geol. Sarv., vol. ii. p. 518. 

1864. i See Portlock's Report of Loudon - 

* OiiftrL GcoL Joum., vol. vii. p. 11.; derry, 1843. 
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divided by Sir R. Miircbison into the upper group already defioribed, 
under the name of Curadoc Sandstone, and a lower one, called, from 
a town in Caermarthenshire, the Llandeilo flags. The last-men- 
tioned strata consist of dark-coloured mic$iceous flags, frequently 
calcareous, with a great thickness of shales, generally black, 
below them. Tiio same beds are also seen at Builth in Radnorshire, 
and here they are iiiterstratified with volcanic matter. 

A still lower part of the Llandeilo rocks consists of a black car- 
bonaceous slate of great thickness, frequently containing sulphate of 
alumina, and sometimes, as in Dumfriesshire, beds of anthracite. 
It has been conjectured that this carbonaceous matter may be due in 
great measure to largo quantities of embedded animal remains, for 
the number of Graptolites included in these slates was certainly very 
great. I collected these same bodies in great numbei*s in Sweden and 
Norway in 1835-6, both in the higher and lower graptolitic shales 
of the Silurian system ; and was informed by Dr. Beck of Copen- 
liagen that they were fossil zoophytes related to the Virgularia and 
Pennatulay genera of which the living species now inhabit mud and 
slimy sediment. Some of our most eminent naturalists still hold to 
this opinion, others refer them to Bryozoa. 


Fig. GI9. 



Didymograpsus ( Graptolfte*) 
Murchitonti^ Beck. 
Llandeilo flags. Wales. 


Fig. 6.^0. 


DipimapniB prMit^ 
HiSiiiger, tp. 

Shropshire ; Wales ; Sweden, &c. 
Llandeilo flags. 


Fig. r,r,i. 


Fig. 6S2. 



Rattn'tes prregrinuSt Barraiide. 
Scotland; Bohemia; Saxony, 
l.landeilo flags. 


Diplograpsus/oHum^ His'.nger. 
Dumfriesshire ; Sweden. 
Llandeilo flags. 



The brachiopoda of the Llandeilo flags, which are very abundant, 
are in the main the same as those of the Caradoc Sandstone, but 
the other mollusca arc in great part of different species. 

In Europe generally, as, for example, in Sweden an<l Russia, no 
shells are so clfaracteristic of this formation as Orthoeeratites, 
usually of great size, and with a wide siphunclo placed on one 
side instead of being central (see fig. 653.). The same form also 
occurs in the Ihila beds in England. Among other Ccpbalopods in 
the Llandeilo flags are LUuites (see fig. 629.) ; in the same beds also 

o o 
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are found Bellerophon (see fig. 577. p. 51(>.) and some Pteropod shells 
{Conularia, Theca^ &c.), also in spots where sand abounded lamelli- 


Fig. 633. 



Orihoceras duplex^ Wahlenberg. Russia and Sweden. 

(From Murchison's .Siliirla.*’) 

n, lateral siphuncle laid bare by the removal of a jK^rtion of the clianibored bhell. 
b. cuniuuiaiiun ot the same seen in a transverse scctiun of the shell. 


branchiate bivalves of large size. The Crustaceans were plentifully 
represented by the Trilobites, which appear to have swarmed in tiie 
Silurian seas just as crabs and shrimps do in our own. The genera 
Asaphus (tig. 654.), Ogf^tjia (fig. 655.), and Trinucleus (figs. 646, 
647.) form a marked feature of the rich and varied Trilobitic faunu 
of this age. 


r»g. 651. 


Fig. 6:i5. 




OpvBta JtHchh. liorm. 

Syn, A$nphn% Itucbti, Ilrongn. 

Ruiltli, U.vinorithirc} Daiideilo, C:arriii.irthrn«hirf 

Honeath the black slates above described of the Llaiideilo forma- 
tjoij, graptolites arc still found in great variety and abundanr(», and 
fJie eha^acteri.^tic genera of shells and trilobite.s of tin* Lowit 
Silurian rock.s are still traceable downward.^, in Shrop.'ibire, Cum- 
berland, and North and South Wales, through a va.st depth of .shaly 
beds, interfttratified with trappean formations of conteiiiporaneon.^ 
origin ; the.se consist of tuffs and lava.s, the tuffs being formed ot 
ftucb materials as are ejected from craters and deposited immediately 
on the l>ed of tin? ocean, or washed into it from the land. Acconiing 
to I^rofessor, Kamsay, their thickness is about feet in North 

Walc'*, including tho.se of the Lower Llaiideilo. * I1ie lavas are 
feKpathie, and of porphyritic structure, and, according to the same 
authority, of an aggregate thickness of 2500 feet. 

Lower Llnndeilo Formation^ Murehi.son ; Areuig, Sedgwick. — 
Next in the descending order are the shales and sandstones iu wliic'l> 


A*yifhui tyrannus, Miirch. 

I . iU b ilo ; niihop*» CiUtIc. ftc. 
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the quartzoso rocks called Sti|>er-.*)tones in Shropshire occur. When 
the term Silurian was given by Sir 11. Murchison, in 1835, to the 
wliole series, he considered the Stiper-stones as the base of the Si- 
lurian system, but po fossil fauna had then been obtained, such as 
could alone enable the geologist to draw a definite line between this 
iiKunber of the series and llie Llandeilo flags above, or a vast thickness 
of rock b(ilow wdiich was seen to form^ the Longmynd hills, and was 
called “ uiifossilifcrous graywacke.” Professor Sedgwick had de- 
scribed strata now ascertained to be of the same age as largely de- 
veloped in the Arenig mountain in Merionethshire, in 1843, and the 
Skiddaw slates, studied by the same author, were of corresponding 
date, though the number of fossils w^as, in both cases, too few Ibr 
the determination of their true chronological relations. The subse- 
(juent rescarelics of MM. Sedgwick and Ilarkness in Cumberland, and 
of Sir R. I. Murchison and the Government surveyors in Shropshire, 
liave increased the species to more tluin sixty. These have been 
examined by Mr. Salter, and shown in the. last edition of “ Siluria,” 
(p. 52, 1859,) to be quite distinct from the fossils of the overlying 
Idandcilo flags. Among these the Lingula plumbea, ^l£glina binodosuy 


Ogggia Selwgmi, and Didgmo- 
grapsus geminus{f\^, 65(5.), and 
1). hirundo, are characteristic. 

In reference to the classifica- 
tion of the Silurian rocks, two 


Fip. Gofi. 



Ihtijftnograpsus gemituu, Hismger, »p. 
SHcdcn. 


<liiestions have been raised ; first, whether the Lower Silurian, com- 
j)! ising the Caradoc and Llandeilo beds already described, should be 
separated from the Upper Silurian under some new title, such as 
Uambro-Silurian ; and secondly, \^ether, if w'e reject this, the 
Arenig or Stiper-stones group (Lower ‘Llandeilo of Murchison) 
should be regarded as the base of the Lower Silurian or as the top 
of a distinct and older series. In reference to the first question Sir 


It. Murchison, in his important work above cited*, has given a list of 
no less than fifty or sixty species of fossils (of vrhich specimens had 
been examined either by Mr. Salter or Prof. XIcCoy), all common to 


the Upper and Lower Silurian strata, or, in other words, which, 
being found in the Caradoc, arc also met wdth in the Wenlock 
formation. The range upwards of so many species from the inferior 


to the superior group shows that, independently of the link supplied 
by the Llandovery or Middle Silurian, there is such a connection 
between the two principal divisions (Upper and Ijower Silurian,) as 
makes it natural to assign the whole to one great syj^tem. To 
attempt, therefore, to give a new name to the Llandeilo beds, or to 


ciall them Cambrian or Camhro^ Silurian ^ as has l>een proposed, 
w'ould be to act in violation of the ordinary rules of q)assiiication, 
and would create much coufusiou by disturbing a nomenclaChre long 


* Siluria, p. 483. 
o o S? 
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received and originally established, by Sir E. I. Murchison, on well* 
defined palaeontological and stratigraphical data. 

As to the second question, whether a lino should not be drawn 
between the Llandeilo flags and the subjacent Stij)er-s tones or Arenig 
group, more may be said in its favour, siiujc while so many species 
pass from Lower to Upper Silurian, there are none, according to 
Mr. Salter, which pass down from the Llandeilo flags or Upper 
Llandeilo, into the Arenig or Lower Llandeilo beds. But, although 
the species are distinct, the genera are the same, as those which 
characterize the Silurian rocks above, and none of the |jriniordial or 
Cambrian forms, presently to be mentioned, arc intei-niixed. This 
Arenig group may therefore be conveniently regarded as the base 
of the great Silurian system, which, by the thickness of its strata 
and the changes in animal life of which it contains the record, is 
more than equal in value to the Devonian, or Carboniferous, or other 
principal divisions, w'hethcr of primary or sccondai*y date. 

It would be unsafe to rely on the mere thickness of the strata, 
considered apart from the great fluctuations in organic life which 
took place between the era of the Llamleilo and that of the Ludlow 
formation, especially as the enormous pile of Silurian rocks observe*! 
in Great Britain, and especially in Wales, is derived in great part 
from igneous action, and is not confined to the ordinary deposition 
of sediment from rivers or the waste of clifis. 

In volcanic archipelagoes, such ns the Canaries, w-c see the most 
active of all known causes, aqueous and igneous, siinultanctMisIy 
at work to produce great results in a comparatively moderate 
lapse of time. The outpouring of repeated streams of lava, — the 
showering down upon land and 8**a of volcanic ashes,— the mvcc|>- 
ing seaward of loose sand and cinders, or of rocks ground down 
to pebbles and sand, by rivers and torrents descending steeply in- 
ciined channels, — the undermining and eating away of long lim‘s 
of sea-cliff exposed to the swell of a deep and open ocean, — these 
operations combine to produce a e^uisiderable volume of superimposed 
matter, without there being time for any extensive cliange of species. 
Nevertheless, there would seem to be a limit to the tJiickness oi‘ 
stony masses fi>rmed even under such favourable circumstiiiices, for 
the analogy of tertiary volcanic regions lends no counh^miice to the 
notion that sedimentai^ and igneous rwjks 25,000, much less 45, (XK) 
feet thick, like those of Wak?8, could originate while one and tin* 
same fauna should continue to people the earth. If, then, we allow 
that about 25,000 feet of matter may be ascribed to one system, such 
as the Silurian, as above described, we may l>e prepared to discover 
in the next series of subjacent rocks, a distinct assetribhige of speeies, 
or even in great part of genera, of organic remains. Such appears 
to be the fact, and I shall therefore conclude with the Lower Llan- 
deilo or Arenig beds, my enumeration of the Silurian forinutions in 
Great Britain, and proceed to say something of their foreign 
equivalents, before treating of rocks older than tlic Silurian. 
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SILURIAN STRATA OF THE CONTINENT OP EUROPE- 

Wlieii wc turn to the Continent Europe, we discover the sanic 
ancient series «xjcupying a wide area, but in no region as yet has it 
been observed to attain great thickness. Thus, in Norway and 
Sweden, the total thickness of strata of Silurian age is scarcely 
equal to 1000 feet although the representatives both of the 
Upper and Lower Silurian of England are not wanting there, and 
even some beds of schist have been included which, as we shall 
hereafter see, lie below the Llandeilo group. In llussia the Silurian 
strata, so far as tliey are yet known, seem to be even of smaller 
vertical dimensions than in Scandinavia, and they appear to consist 
chiefly of Middle and Lower Silurian, or of a limestone containing 
VenUimerm ohlomjuSy below which are strata with fossils corre- 
.‘-j)onding to those of the Llandeilo beds of England. The lowest rock 
with organic remains yet discovered is “theUngulite or Obolus grit*’ 
of St. Petersburg, probably coeval with the Llandeilo dags of Wales. 

Tlic shales and grits near St. Petersburg, above alluded to, contain 
green grains in their sandy layers, and are in a singularly unaltered 
state, taking into account their high antiquity. The prevailing 
l)rachiopods consist of the Obolus or Ungulite of Pander, and a 
Siphonotreta (figs. 6o7, Go8.). Notwithstanding the antiquity of 


Shells 0 / the lowest I /town 
Vifi. C:)7. 



Siphonotreta unguiculata, Kichwald. 
I'roni ttir Siltin.iii Samnioiie ** Obolus 

grits,*' of IVterftburg. 
a. nutsido of |u*rf«>ratod valve. 
li. intt^rior of same, showing the termination of 
the foramen Mithin. Cl>uvid»on.) 


Fussil^etous JMi m Hussta, 
Fig. 6ft8. 


Ob'*lns ApolUnts, Eichwald. 

From the same locality. 

a. interior of the larger or Teotral valve. 

b. exterior of the upper (dot sal) T.v\ve. 

(l>avidson, ** PalKontograph. Mouog.'*) 




tills Russian formation, it should he stated that both of ihese^genera 
of brachiopods have been also found in the Upper Silurian of* 
England, i.e. in the Dudley limestone. 

Among the green grains of the sandy strata ^ovo mentioned. 
I’rof. Ehreiiberg has announced (1864) iiis discovery of remains of 
foramiiiifera. rheso are casts of the cells; and amongst five or six 
forms three are considered by him as referable to existing genera 
fe. g. Textularia, Rotaliity and 


SILURI.VN STRATA OP THE UNITED STATES. 

The position of some of these strata, whore they are bent and 
highly inclined in the Appalachian chain, or whore they are neoidy 


* Murchison’s Silurin, p. 3*il. 



oGO SILURIAN STRATA OF TNITKI) STATKS. [Off. XXVII. 

horizonhil to the west of thnt chain, is shown in the section, 
p. 494. But these formations can bo studied still inon* advimta- 
"couslj north of the same line of section, in the States of Nt*w ork, 
Ohio, and other regions north and south of the great Canadian lakes. 
Hero they are found, as in Russia, nearly in horizontal position, and 
are more rich in well-preserved fossils tlmn in almost any spot in 
Europe. In the State of New York, where the succession of the 
beds and their fossils have been most carefully worked out by the 
Government Surveyors, the subdivisions given in the first column 
of the annexed list have been adopted. 


Subdivisions o/* tbe Silurian Strata of Kew York, {Strata below 
the Oriskany Sandstone^ see Table, p. 539.) 

New York Nainei. ^ British IkiuiTaknits. 

1. Upper Pentamcriis Limestone 

2. Encrinal Limestone 

а. Delihyris Shaly Limestone . 

H. Fentamerus and Teiuaeulite .Upper Silurian for Ludlow and 
Limestones 

5. Water Lime Group 

б. Onondaga Salt Group 

7. Niagara Group 

8. Clinton Group 
0. Medina Sandstone 

10. (Jneida Conglomerate 

11. Grey Sandstone 

12 Fludson River Group 
l-'l. UtJca Slate 
14. Trenton Limestone 
1 Black-River Limestone 
10. BirdVKye Limestone 

17. Chazy Limestone 

18. Calcitcrous Sandstone 

19. Potsdam Sandstone 


Wenlock Formations). 


Mi«ldlc Silurian for May-IIill and 
IJttiidovciy Group>). 


I Lower Silurian (or Carndoe ami 
' Upper and Lower Llaiukilo). 

J 

Ui)pcr Cambrian. 


In the second column of the .<anio table I have added the supposed 
^British* equivalents. All palaeontologists, Europ(»aii and American, 
such as MM. de Verneuil, D. Sharpe, Prof. Hall, E. Billings, and 
otliers, who have entci^d upon this comparison, admit that there is 
a marked general correspondence in the succession of fossil forms, 
and even species, as we trace the organic remains downwards from 
the highest to the lowest beds ; but it is impossible to parallel each 
minor subdivision. In regard to the three following points there is 
little difference of opinion. 

1st. That the Niagara Limestone, No. 7., over which tlie river of 
that name is precipitated at the great cataract, together with its 
underlying shales, corresponds to the Wenlock limestone and shale of 
England. Among the species common to this formation in America 
and Europe are Calymene Blumenhachiiy Homalonotus delphinocp- 
phalus (fig. 639. p. 555.), with several other trilobites ; Rhynchonella 
WilsSnif and Retzia enneuta ; Orthis elegantula, Pentamerus gn- 
Imtus, with many more brachiopods ; Ortlioceras annulatum^ among 
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tho cc|)lial<>i>o<lou« shells ; and Fnvosiles goihlandica^ with other 
l.ir^jje corals. 

2im1. That the Clinton Group, No. 8., containing Peniamerus 
ohiofif/us and h/;vis^ and rcilatcd’ more nearly by its fossil sj)eci<*s 
with the beds above than with those below, is tho equivalent of the 
Middle Silurian as above defined, p. 636. 

3rd. That the Hudson River Group, No# ]2., and the Trenton 
Limestone, No. 14., agree paleontologically with the Caradoc or 
Bala group, containing in common with them several species of 
trilobitcs, such as Asaphus (Isoielus) gigoiy Trinuclem eoncentricus 
(fig. 647. p. <5d9.) ; and various shells, such as Orthis striaiula^ 
Orthis biforata {or 0. lynx\ 0. porcata (0. occidentalis of Hall;, 
Bellerophon bilobatus, &c.* 

Mr. I). Sharpe, in his report on the mollusca collected by me from 
these strata in North America t, has concluded that the number of 
Species common to the Silurian rocks on both sides of the Atlantic 
is between 30 and 40 per cent. ; a result which, although no doubt 
liable to future modification, when a larger comparison shall have 
been made, proves, nevertheless, that many of the species had a wide 
ge*ographical range. It seems that comparatively few of the gas- 
teropods ami himellibranchiate bivalves of North America can be 
idtMitiiied specilically with European fossils, while no less than two- 
fiftlis of tlic brachiopoda, of which my collection chiefly consisted, 
are tlic same. In explanation of these facts, it is suggested that 
most of the re<’ent brachiopoda (especially the orthidiform ones) are 
inhabitants of deep water, and that they may have had a w’ider geo- 
graphical range than shells living near shore. The predominance of 
bivalve mollusca of this peculiar class has caused the Silurian period 
to be sometimes styled “ the age of brachiopods.” 

The calcareous beds. Nos. 15, 16, 17, and 18., below the Trenton 
Jdmestone, have been considered by XI. de Verneuil as Lower 
Silurian, because they contain certain species, such as Asaphus 
{Isotelus) giyaSy Ulcenus crassicauda, and Orthoceras biUneatum, in 
common with the overlying Trenton Limestone J But, according to 
Prof. Hall, the Ulcenus was erroneously identified, an error to which 
ho confesses tliat he himself contributed ; and on the whole these 
lower beds contain, he thinks, a very distinct set of species, only 
three or four of them out of eighty-three passing upwards into the 
incumbent forniations.§ 

Be this as it may, the Black River Limestone, No. lo., contains 
certain forms of Orthoceras of enormous size (some of them 8 or 
9 feet long f), of the subgenera Ormoceras and EndoceraSy seeming 
to re])resent the Lower Silurian or Orthoceras limestone of Sweden. 
Moreover, tlie general facies of the fauna of all these beds is 
essentially similar. Another ground for extending our comparison 
of tho Llandeilo beds of Europe as far down as tho calciferous ^ 

* See Murchison’s Silurio, p. 414. p. 651., 1847. 

t Quart. Geol. Jourii., vol. iv. § Hall { Forster and Whitney’s Re- 

X iSoc. Geol. Franco, Bulletin, vol. iv. port ou Lake Superior. Pt. 11.. 1851. 
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sandstone is derived from the researches of Sir William Lo'jrun 
Canada, and the study by jMr. Salter of jhe ft)ssils eolh‘eted liy the 
Canadian Surveyor near the S.E. end of the Ottawa River, where 
one mass of limestone encloses species eoininoii to all the he<ls from 
the Calciferous Sandstone (No. IS.) up to the Trenton Limestone 
(No. 14.). In this rock, the tjigas and other well-known 

Trenton species are blended with the Madurm (fi^. (>59.), ;l bd’t- 
handed sliell, considered by Woodward as ])robjihly a in j'^sivt* 
heteropod, a genus characteristic of the Chazy J^iinestoin', or 


Fossils from AUumettr Hapids^ Hirer Ottawa, Canada. 


a Fig. m. 



Maclurea Logamf, Salter. 

a. view of the shell. b, its curious operculum.- 


rip. w'lO. 



Murchisonta gracilis. Hall. 
A c(.Hr.icten«nc of 

fhe 'J'reiiion 
l‘ln-pt‘nii» i'. tommon in 
Low«-r Silurian rocks. 


No. 17.; and Murchisoma gracilis (fig. 660.) is 
another Trenton Limestone species found in the 
same Silurian limestone of Canada *; while one of 
the most common shells in it i.s the Uaphistoma ? 
{Euomphalus) uniangnlatnm. Hall, a species 
characteristic in New York of tlie Caleiterons 
Sandstone itself. On the whole, if we identify 
the beds from the Black River Liim^stone down 
to the Calciferous Sandstone inclusively with the 
Upper anil Lower Llandeilo, we shall he in har- 
mony with the latest opinions of American and 


British geologists. 

In Canada, as in tlie State of New York, the Potsdam Sandstone 
underlies the above-mentioned calcareous rocks, but contains a 
different suite of fossils, as will be hereafter cxplainefl. In parts of 
the globe atill more remote from Europe the Silurian strata liave 
al.so been recognized, as in South America, Australia, and recently 
by Captain Strachey in India. In all these regions the facies of the 
fauna, or the types of organic life, enable us to recognize the con- 
temporaneous origin of the rocks; but the fossil species arc 
distinct, showing that the old notion of a universal diffusion 
throughout the “ primaRval seas ” of one uniform siiecific fauna was 
<juite unfounded, geographical provinces having evidently existed 
in the oldest as in the most modern times. 

Whether the Silurian rocks are of deep-water origin , — The 
grounds relied upon by Professor E. Forbes for inferring that the 
* larger part of the Silurian Fauna is indicative of a sea more than 70 


Logan, Report, Brit. Assoc. Ipswich, pp. 59. 63. 
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f.itlioms (l(‘ep, iiro tho following : first, the small size of the greater 
nuinhor of roncliif ra ; secondly, the paucity of pectinibranchiata (or 
spiniL univalves); thirdly, tho great number of floating shcdls, such 
as IMhrophon^ Orfhoceras, &c. ; fourthly, tlie abundance of orthidi- 
forni braclnopoda ; fifthly, the absence or great rarity of fossil fish. 

It is doubtless true that some living Terehratuhe^ on the coast of 
Australia, inhabit shallow water ; but all the known species, allied 
in form to the extinct Orthis^ inhabit the depths of the sea. It 
.should also he remarked tliat Mr. Forbes, in advocating these views, 
wa.s well aware c»f the existence of shores, bounding the Silurian sea 
in Shropshire, and of the occurrence of littoral species of this early 
date in the northern hemisphere. Such facts are not inconsistent 
with his theory ; for he has shown, in another work, how, on the 
coast of Lycia, deep-sea strata are at present forming in the Medi- 
terranean, in tlie vicinity of high and steep land. 

Had we discovered the ancient delta of some large Silurian 
river, we should doubtless have known more of the shallow- water, 
brackish-water, and fluviatile animals, and of the terrestrial flora of 
the period under consideration. To assume that there were no such 
deltas in the Silurian world, would be almost as gratuitous an 
hypothesis, as for tho inhabitants of the coral islands of the Pacific 
to indulge in a similar generalization respecting the actual condition 
of the globe* 


“ CAMBRIAN GROUP.” 

{Primordial Zone of Barrande.) 

Tlie cliaracters of tlie Upper and Lower Silurian rocks wore 
o.stablisliod so fully, both on stratigraphicul and palseontological data, 
by Sir Roderick Murchison after five years’ labour, in 1839, when 
his Silurian System ” was published, that these formations could 
iVom that period be recognized and ideutifled in all other parts of 
Europe and in North America, even in countries where the fossils 
diflered specifically from those of the classical region in Britain, 
where they were first studied. But it was not till tlie year 1846 
that M. Joachim BaiTaiide, after ten years’ exploration of Bohemia, 
and after collecting more than a thousand species of fossils, ascer- 
tained the existence in that country not only of the equivalents of 
the two formations above alluded to, but of another set of strata, 
cdiaracterized by a new and distinct fauna, to which, in tlie intro- 
duction to n treatise on trilobitcs, he gave tho name of Etagc C., or 
the “ lirst fauna.” Ills two first stages, A. andB., consisted of crys- 
talline and inetamorphic rocks, and unfossiliferous schists. In the zone 
C called soon afterwards by him ** primordial,” he liad discovered 
in 1846 no les*s tlian twenty- six species of trilobites contained in 
shales and slates of considerable thickness, all of them belonging to ^ 
new species and the greater part of them to new genera, called by 
him ParadoxideSy Conocephalus (syn. Conocoryphe\ ElipsocephaluSy 
Arion, Sao, and Hydrocephalus^ and some of them to the genus 
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AgnostuSy the only form common to liis first and second fauna, tho 
latter cori’esponding to the Lower Silurian of Murchison. M. 
Barrande classed this first fauna as the oldest member of the Silurian 
period, applying tlie term Silurian in Sir R. Murchison’s sense as 
comprehending all the fossiliferous strata older than the Devonian. 
He spoke of it as occupying “le meme horizon que les formations 
fossiliferes les plus anciennes de Suede, de Norvege et des Jsles 
Britanniques and he added, still speaking of Ltage C., II forIm^ 
done la base des terrains protozoiqucs, selon la derniere classification 
du Rev. Professeur Sedgwick.”* It was impossible in 1846 for M. 
Barrande to make a nearer approach towards a just correlation of the 
Bohemian and British groups of strata, since at that time the Lower 
Silurian of Murchison had no well-defined base-line, physical or 
zoological, while the Cambrian or protozoic of Sedgwick, as distin- 
guished from the Lower Silurian, was without a fauna. Even the 
Lingula Davisii, which will presently be mentioned, was not dis- 
covered till 1846, at which time the new organic types of Bohemia, 
older than the Lower Llandeilo beds above described, were so 
peculiar as to enable geologists from that time forth to identify by 
their means alone in Scandinavia, Russia, C'anada, and the Ijuiti'd 
States, strata of corresponding age. It was some years belbn* si 
Mjthcient number of Briti>h fossils ivere found below the Lower 
Llaxideilo beds to enable the geologist to identify the different 
members of the Cambrian group with their equivalents in Ireland 
and Scotland, and other parts of Europe. If, therefore, M. Bar- 
rande had, in 1816, called the fossiliferous rocks of his Ktage C. 
“ Bohemian,” that name would, I have little doubt, have been uni- 
versally accepted, since he had acquired full right to give a nuni(? to 
the new group or system (»f rock.s, tho position and characteristic 
fossils of wdiich he lia^ first truly defined. 

The term primordial was intended to express M. Barrandc's own 
belief that the fossils of Etage C. afforded evidence of the first ap- 
pearance of vital phenomena on this planet, and that consi^queiitly 
no fossiliferous strata of older date would or could ever be di>- 
covered. 

I have been opposed from the first to a nomenclature the adoption 
of which would seem to imply the acceptance of such a theory, for 
I always felt sure, on contemplating the past history of geology, th»r, 
we had not yet pushed our inquiries into the past so far as to lead 
us to despair of extending our discoveries at some future day, wdien 
vast portions of the globe hitherto unexplored should^ have been 
thoroughly surveyed. 

The term Cambrian had, long before 1846, been applied by Profes- 
sor Sedgwick to rocks, some of which we now know to be of contem- 
poraneous date with Barrande’s “primordial zone.” Sedgwick had 
begun his exploration of these rocks in 18*11, and in 1843 published 
memoirs on what he then termed the protozoic rocks of North Wale.-, 


* Trilobitesde Boheme, ipbig, 1 846. 
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p;iving detailed sections by which the geological structure of an 
intricate region was admirably worked out. 

Large portions of the strata both of South and North Wales at 
first called Cambrian, and supposed to be older than the Silurian 
rocks of Murchison, were afterwards proved by our surveyors, 
chiefly by tlio labours of Prof. Ramsay, to be the equivalents ol‘ 
the Lower Silurian rocks above described. 

The following table will show the succession of the strata in Eng- 
land and Wales which belong to the Cambrian group or the fossili- 
ferous rocks older than the Lower Llandeilo, to which are added the 
Laurontiiin formations of Canada, as the oldest in the world in 
which organic remains have yet been found. 


CAMBRIAN GROUP. 
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UPPER CAMBRIAN. 


Trcmadoc Slates , — Tho Trcmadoc slates of Sedgwick are more 
than 1000 feet in thickness, and consist of dark earthy slates occur- 
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ring near the little town of Tremadoc, situated on the north side of 
Cardigan Bay in Carnarvonshire. These slates wore first examined 
by Sedgwick in 1831, and were re-examined by him and described 
in 1846*, after some fossils had been found in the underlying 
Lingular fiags by Mr. Davis. The inferiority in position of these 
Lingula fiags to the Tremadoc beds was at the same time established. 
The overlying Tremadoc beds were traced by their pisolitic ore from 
Tremadoc to Dolgelly. No fossils proper to the Tremadoc slates 
were then observed, but subsequently, when the same beds were 
well searched by the collectors of the Government Survey in 1853 
and 1857, thirty-one species of all classes were found in them and 
determined by Mr. Salter. By their means he was able to separate 
the beds into an u]>per and lower division : in the upper of which there 
are about twenty species, and about fifteen in the lower. We have 
already seen that in the Lower Llandeilo ( St iper-s tones or Arenig 
group), where the species arc distinct, the genera agree with Silurian 
types ; but in these Tremadoc slates, where the species ar(5 also 
peculiar, there is about an equal admixture of Silurian types w'ith 
those which Barrande has termed “ primordial.” Here, tlH»refore, 
it may truly be said that we are entering upon a new domain of life 
in our retrospective survey of the past. The trilobites of new 
species, but of Lower Silurian forms, belong to the genera Ogyyia^ 
Asaphus^ and Cheirurus ; whereas those belonging to primordial 
types, or Barrande’s first fauna, as well as to the Lingula fiugs of 
Wales, comprise Conocoryphe\^ Olenus^ several species, and Amje- 
lina. In the Upper Tremadoc slates are found Bellerophon, Ortho- 
ceras, and Cyrtoceras^ all specifically distinct from Lower Silurian 
fossils of the same genera : tlie Pteropod Theca ranges throughout 
these slates ; there are no Graptolites. The only Tremadoc species 
which, according to Salter, is not peculiar, is Lingula which 

ranges from the top to the bottom of the formation, and links it with 
the zone next to be described. The Tremadoc slates are very local, 
and seem to be confined to a small part of North Wales ; and Proi*. 
liarnsay supposes them to lie unconformably on the Lingula flags, 
and that a long interval of time elapsed between these formations. 

Lingida^Flags, — Next below the Tremadoc slates in North Wales, 
lie micaceous flagstones and slates, in which, in 1846, Mr. E. Davis 
discovered the Lingula named after him, and from which was 
derived the name of Lingula fiags.;^ In these flags and shales, 
other fossils were found by subsequent researches, which were 
observed to differ specifically from those of the Llandeilo beds, 
or the lowest portion of the Lower Silurian then palaeontological ly 
known. Trilobites of the genera Olenus and Conocoryphe (for 

♦ GcoL Quart. Jonrn., vol. iii. p. 156. by Salter to a subgenus LinguleUa^ but 1 

t This genus has been substituted for retain the original name in this chapter, 
Barrande’s Conacepluilus^ as the latter because it has long been used by geolo- 
term had been preoccupied by the ento- gists in their cicHignation of tlio beds 
mologists. where it is so abundant. 

X This shell has since been referred 
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genus, see fig. 667.), and other forms, which will soon be pub- 
lished by our Government Survey, were detected ; and Paradoxides 
(for genus, see fig. 666.), another of Barrande’s primordial forms 


Foitilt o/ltAe ** Lingula Flags** or lowest Fouiliferosts Rocks Britain. 


Fig. cni. 


Fig. 662. 



Fig. 663. 



Hymenocaris vrrmieauda^ 
Saltpr. 

A Phyllo|)od C’niitacean. 

I nat. size. 


Lingula Davisii^ M'Coy. 

a. I natural sise. 

b. distorted by cleavage. 


OUnus mierurus, 
.Salter. 

I nat. size. 


Lingula Flags *' of Dolgelly, and Ffestiniog ; K.' Wales.* 


of Bohemia, was also found both in North and South Wales, in 
the black slates of this era. With these also a phyllopod crusta- 
cean (fig. 661.), and several genera of Brachiopoda, with a rare 
Cystidean and a sponge, were obtained. In all, about forty or 
forty-five species are already described by Mr. Salter, and other 
forms are still in his hands for investigation. 

In Merionethshire, says Prof. Ramsay, the Lingula flags are from 
.KK)0 to 6000 feet thick ; in Carnarvonshire, near Llanberis, only 
about 2000 feet, having, in the space of about 11 miles, lost 4000 
feet of their thickness. In Anglesea and on the Menai Straits, the 
Llandeilo and Bala Beds lie directly on (Lower) Cambrian strata, 
both the Lingula flags and Tremadoc slates being absentf 


LOWER CAMBRIAN. 

(J^ongrntynd Group.') 

Harlech Grits. — Older than the Lingula flags are stratified forma- 
tions of great thickness, but which have as yet proved very barren 
of organic remains, and have been variously called by Prof. Sedg- 
wick the Longmynd and Bangor group, comprising, first, the Bar- 
mouth and Harlech sandstones ; and secondly, the Llanberis slates. 
The sandstones of this period attain in the Longmynd Hills in 
Shropshire a thickness of no less than 6000 feet, without any inter- 
po.sition of volcanic matter. In some places in Merionethshire they 
are still thicker. The labours of Mr. Salter in Shropshire and those 
of the late Dr. Kinahan in Wicklow have brought to light at least 
five species of Annelides in these rocks, two of which have been 
named Arenieplites sparsus and A. didymus. They occur in count- 
less myriads through a mile of thickness in the Longmynd, where 
also an obscuro crustacean form has been discovered and named 

• These fijriires were piven in Sir R. f Anniversary Address, Geol. Quart. 
Murchison’s Siluriii (‘iiid ed., 1854), Journ., vcl. xix. p. 39., 1863. 
chap. ii. 
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JRal€Bopyge RamsayL The sands of this formation arc often 
rippled, and were evidently left dry at low tides, so that the surface 
was dried by the sun and made to shrink and present sun-cracks. 
There are also distinct impressions of raindrops, like those figured 
at p. 486., on many surfaces.* 

LJanberis Slates, — The slates of Llanberis and Ponrhyn in Car- 
narvonshire, with their associated sandy strata, attain a great 
thickness, sometimes about 3000 feet. They are perhaps not more 
ancient than the Harlech and Barmouth beds last mentioned, for tliey 
may represent the deposits of line mud thrown down in the same 
sea, on the borders of which the sands above mentioned were accu- 
mulating. In some of these slaty rocks in Ireland, immediately 
opposite Anglesea and Carnarvon, two species of zoophytes have 
been found, to which the late Prof. E. Forbes gave the name of 
Oldhamia, They may be considered as the most ancient fossils yet 
known in Europe. 

T/ic oiost ancient Foistis yft known in J'uropc (I8G4). 

Fig. C6:k 



dldhamia antiqua, Forbes. 
Wirklow, Ireland. 


We may reasonably anticipate that the Longmynd fauna, if ever 
it shall become extensively known in the Briti>h Isles or elsewhere, 
will be found to differ con.siderahly from that of the Upper Cambrian 
rocks, for the thickness of the beds unrnixed with volcanic matter is 
very great, and they must have required a great lapse of time for 
their deposition. 


CAMBUIAN ROCKS OF UOIIF.MIA. 

(^Primordial Zone of Barrande,) 

I have already spoken, p. 569., of the splendid results of M. Bar- 
rande’s laboui*s, published in 1846, in which year, after a prolonged 
investi^tioii of the geology of Bohemia, he discovered a great series 
of palaeozoic formations, for which he adopted Sir B. Murchison’s 

* Salter, Quart. Gcol. Joum., vol. xiii,, 1857. 
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general name of Silurian. The first or most ancient of his throe 
Silurian faunas, called by him primordial, corresponds with the 
British Upper Cambrian, as above described. The second tallies 
with Murcln>on’s Lower Silurian, and the third with the Upper 
Silurian of the same author. When M. Barrande, a French naturalist, 
undertook sinp;le-handed the survey of Bohemia, all the described 
species of fossils previously obtained from that country scarcely ex- 
ceeded twenty in number, whereas he had already acquired in ISoO 
no less than 1 100 species, namely, 250 crustaceans, (chiefly trilobites,) 
250 cephulopods, 160 gasteropoda and pteropods, 130 acephalous 
molluscs, 210 brachiopods, and 110 corals and other fossils. At a 
later period, 1856, M. Barrande states that he had in his collection 
etwoen 1400 and 1500 species from the same Silurian and primor- 
dial rocks of Bohemia.* 

In the primordial zone he discovered trilobites of the genera 
Paradojridf'Sy Conocephalus {Conocort/phe), EllipsocephaluSy Sao, 


Fossils of the lowest Fosstlijeruus Beds in Bohcmi.r, or **\Frimordial Zone** tf Barrande, 


Fib'. 



Puradojules Bohemteus, liarr. 

About natural 
** Lowest Siliiri.in bcils " of 
, fbnetz, Ibiheniia. 

(Kt.iK<‘ e. ol Uarraiulc.) 


Fijr. or, 7 



Conocoruphe ,sti laia . Syn . 
CoHOCi'phafus sfrntiM, Emnirich. 
^ n.ii. ^ize. 

Ginetz and SLrey. 


Fip. 008 , 



A finotus integer, Beyrirh. 
Sat. size and magnified. 


Fi?. 009 . 



Agnostus Bex, Barr. 
Nat. size, Skrey. 


Arioiiellus^ Hi/drocepltalus^ and Agnos- 
ias, These primordial trilobites have 
ii peculiar facies of their own depen- 
dent on the multiplication of their tho- 
racic segments and the diminution of 
their caudal shield or pygidium. 

One of the “ primordial or Upper 
(himbrian Trilobites of the genus Sao^ 
a form not found as yet elsewhere in 
the world, ha§ afforded M. Barrande a 
fine illustration of the metamorphosis 
of these creatures, for he has traced 
them through no less than twenty stages 
of their development. A few of these 



Seta hirsuta^ B^rrsndi*, in its Tarioiis 
stages of growth. Skrry. 

The small lines beneath indicate the 
true size. In the roundest state, a, 
no seementi* are « is'iblo : as the meUi- 
morpnolis progresses, h, c, the body 
seirments begin to be develotied; in 
the stage d the eyes are introduced, 
but the facial sutures are not com- 

E letcd; at e the full-grown animal, 
air Us true size. Is shown. 


* Paraii«ic entre Ics Depots Siluricus de Boliomc et dc Scoudiiiavie. 
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changes have been selected for representation in the accompanying 
figures, that the reader may learn the gradual manner in which 
different segments of the body and the eyes make their appearance. 
When we refiect on the altered and crystalline condition usually 
belonging to rocks of this age, and how devoid of life they are for 
the most part in North Wales, Ireland, and Shropshire, the informa- 
tion respecting such minute details of the Natural History of these 
crustaceans, as is supplied, by the Bohemian strata, may well excite 
our astonishment, and may reasonably lead us to indulge a hope Unit 
geologists may one day gain an insight into the condition of the 
planet and its inhabitants at eras long antecedent to the Cambrian ; 
for those areas which have been subjected to a scrutiny as rigorous 
as North Wales and Bohemia form truly insignificant spots on a map 
of the whole globe. 

In Bohemia the primordial fauna of Barrandc derived its import- 
ance exclusively from its numerous and peculiar trilobites. Besides 
these, however, the same ancient schists have yielde<l tvvo genera of 
brachiopods, Orthis and Orhicula^ a pteropod of the genus Theca, 
and four echinoderms of the Cystidean family. 

All the Bohemian species differ as yet from any found in England, 
which may be due entirely to the influence of geographical causes. 
It seems, nevertheless, to confirm the view here taken, of the “pri- 
mordial zone ” being characterized by fossils distinguishable from 
the whole Lower Silurian group ; because the other and higher 
Silurian formations of Bsirrande have each of them several 
species in common with the successive subdivisions of the British 
series. 

Sweden and Norway, — The Upper Cambrian beds of North Wales 
are represented in Sweden by strata, the fossils of which have been 
described by a most able naturalist, M. Angelin, in his “ Palaionto- 
logica Suecica»( 1852-4).” The “alum-schists,” as they are called 
in Sweden, resting on afucoid-sandstone, contain trilobites belonging 
to the genera Paradoocides, Olenus, Agnostus, and others, some of 
which present rudimentary forms, like the genus last mentioned, 
without eyes, and with the body segments scarcely developed, and 
others again have the number of segments excessively multiplied, 
as in Paradoxides. These peculiarities agree with the characters 
of the crustaceans met with in the Upper Cambrian strata, before 
mentioned. 

The Swedish rocks have also yielded crustaceans of the family 
CytkerinideB, and among the inollusca a small species of Orthoceras, 
the only primordial cephalapod yet known, and also a Craptolite, 
together with most of the fossil forms discovered by Barrandc in 
the Bohemian strata of the same age. 

United States and Canada. — In the table at p.- 556., I liave 
already pointed out the relative position of the Potsdam Sandstone*, 
which has long been supposed to be the lowest fossiliferous formation 
in the United States and Canada. The late Dr. Dale Owen pub- 
lished in 1852 a graphic sketch, in his survey of Wisconsin, of the 
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Dikdoeephalus ytinn ^soiensis. 
Dale Ovtia. ^ diauictcr. 

A large crustacean of the Olenoid 
group. Pot'daiu Sandutonf 
Falls of St. Cruix, on the upper 
Mississippi. 


lowest Bcdiinciitary rocks near the head-waters of the Mis.si.s.sippi, 
lyinj^ at the base of the whole Silurian series. They are many 
hundred feet thick, and for the most part similar in character to the 
Potsdam sandstone above described, but in- 
cluding in their ujiper portions intercalated Fig. C7i. 

bands of magnesian limestone, and in their 
lower some argillaceous beds. Among the 
sliells of these strata are species of Lingula // C ^ ^ 
and Orthis, and several trilobites of the 
new genu.s Dikelocephalus 671.). These 

rocks, o(!Curring in Iowa, Wisconsin, and 
]Minnosota, seem destined hereafter to throw 
great light on the state of organic life in the 
Cambrian ])eriod. Six bed.s containing trilo- 
bite.<, separated by strata from 10 to 150 feet I 

thick, arc already enumerated. ^ ^ — V 

1 have seen the Potsdam sandstone on mrioerphaiu, 
the hanks of the St. Lawrence in Canada, DaieOwun. f diaTinier. 

, ^111 r* T 1 1 • A large cruitacean of the Olenoid 

and on the borders or Jjakc Champlain, group. Pot*daiii sandstone 
where, as at Keesville, it is a white quartz- inlli^sippi’.' '^^*** °” 
ose fine-grained grit, almost passing into 

quartzite. It is divided into horizontal rip[l!e-niarked beds, very like 
Ihose of the Lingula flags of llritaiii, and replete with a small round- 
shaped Lingula {Obolella of Billings), in such numbers as to divide 
the rock into parallel planes, in the same manner as do tlie scales of 
mica in some micaceous sandstones. This formation, as we learn from 
Sir W. Logan, is 700 feet thick in Canada ; the lower portion con- 
sisting of a conglomerate with quartz pebbles ; the upper part of 
sandstone containing fiicoids, and perforated by small vertical holes, 
which arc very characteristic of the rock, and appear to have been 
made by annelids {Scolithus linearis). 

On the banks of the St. Lawrence, near Beauharnois and else- 
Avhere, many fossil footprints have been observed on the surface of 
its rippled layers. These impressions were first noticed by Mr. 
Abraham, of Montreal, in 1847, and were supposed to be tracks of a 
torU)ise ; but Sir AV, Logan brought in 1851 some of the slabs to 
London, together with numerous casts ot other slabs, enabling Pro- 
fessor Owen to correct the idea first entertained, and to decide that 
they w ere not due to a cheloniaii, nor, as he imagines, to any verte- 
brate creature. Tlic Professor inclines to the belief that they are 
the trails of more than one species of articulate animal, probably 
allied to llio King Crab, or Limulus. Between the tw’O rows of 
root-tra<‘ks runs an impressed median line or channel, suj^posed 
the Professor to have been made by a caudal appendage rather than 
by a prominent part of the trunk. Some individuals ajq>car to have 
h id tliree, and others five pairs, of limbs used for locomotion. The 
w'idth of the tracks between the outermost impressions varies from 
.‘5^- to 5]l- inches, which would imply a erenture of much larger di- 
mensions than any organic body yet obtained from strata of such' 
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antiquity. In this respect they a*iree with the gigantic liurypt^^^ 
ridwy detected in the lowest Devonian and uppermost Silurian rocks, 
p. 523. Their size alone is important, as warning us ol the (hiiigci* 
of drawing any inference from mere negative evidence, as to the 
extreme poverty of the iauiia of the earlier sens. 

Recent investigations by the naturalists of the C'anadian survey 
liave rendered it certain that Kelow the level of the Potsdam Sand- 
stone there are slates and schists extending Iroin New \ork to 
Newfoundland, occupied by a series of trilobitie forms similar in 
genera though not in species to those found in the Kuropeau Ppjjer 
Cambrian strata. 

Quebec Group . — The Dikelocephalus above mentioned is one of 
the most striking fossils found in the limestones of Qn(*bi‘c, which 
liave recently attracted nuich attention. lUit there seems in these 
riinestoues to a mixed fauna, which renders it probable that the 
Quebec group, as detined by Sir W. Logan and jMr. K. IVilliiigs, is 
the representative of our Lower Llandeilo ^^Areiiig) and Tremadoc 
groups united. The characteristic graptolites lie in the upper ]>or- 
tion, and are identical with those of Skiddaw ; and the mixture of 
primordial ami Lower Silurian genera in the lower portion exactly 
reminds us of the similar mixture in the Tremadoc slate, while, 
according to ]Mr. Billings, there are many species identical witli 
those of the calciferous sand-rock, the formation which immediately 
overlies the Potsdam sandstone and passes down into it impereoptibly. 

Huronian series . — Next below the Upjier Cambrian occur strata 
called the Huronian by Sir W. Logan, wliich are of vast thickness, 
consisting chiefly of quartzite, with great masses of green isli chlori- 
tic slate, which sometimes include pebbles of crystalline rocks derived 
from the Laurentiaii formation, next to be described. Limestones 
are rare in this scries, but one band of 300 feet in thickness has been 
traced for considerable distances to the north of Lake Huron. Beds 
of greenstone are intercalated conformably with the quartzose and 
argillaceous members of this serie.s. No organic remains have yet 
been found in any of the beds ; and whether they may he altered 
Lower Cambrian or some still older sedimentary formation in a 
semi-inetamorphic state is uncertain. The Huronian strata are 
about 18,000 feet thick, and rest unconformably on the Laurentiaii, 
next to be described. 


LArUENTIAN KOCKS. 

In the course of the geological survey carried on under the direc- 
tion of Sir W. E. Logan, it has been shown that, northward of the 
river St. Lawrence, there is a vast series of crystalline rocks of 
gneiss, mica-schist, quartzite, and limestone, more than 30,000 feet 
in thickness, which have been called Laurcritian, and which are 
already known to occupy an area of about 200,000 square miles. 
They are not only more ancient than the fossiliferous Cambrian 
formations above described, but are older than the Huronian lust 
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mentioned, and had undergone great disturbing movements before 
iho Potsdam sandstone and the other “primordial” rocks were 
i'ormed. Tlie older half of this Laurentian series is unconformable 
to the newer portion of the same. 

Upper Laurentian or Labrador series, — The Upper Group, more 
lliaii 10, (KK) feet thick, consists of stratified crystalline rocks in 
which no organic remains have yet been found. They consist in 
great part of fidspars, which vary in composition from anorthite to 
aiidesine, or from those kinds in which there is less than one per 
cent, of potash and soda to those in which there is more than seven 
per c(‘nt. of thcst‘ alkalies, the soda prejionderating greatly. These 
fMsparites sometimes form mountain masses almost without any 
admixture of other minerals ; but at other times they inelud*^ 
j)yrox»*ne, which ])asses into liypcrsthene. They are often granitoid 
in si met u re. One of the varieties is the same as the ojialescent 
lal)radorite rock of Labrador. The Adirondack Mountains in the 
Slate of New York arc referred to the same series, and it is con- 
jeclured tliat the hypersthene rocks of Skye, which resemble this 
formation in mineral character, may be of the same geological age. 

Lower iMurenlian , — This stories, about 20, 000 feet in thicknc'*^, 
is, as before stated, unconformable to that last mentioned ; it con- 
sists ill great part of gneiss of a reddish tint with orthoclase 
ielspar. Peds of nearly ])ure (juartz, from 400 to 600 feet thick, 
occur in some places. Jlornblendic and micaceous schists are often 
interstratified, and beds of limestone usually crystalline. 

There are several of these limestones which have been traced to 
great distamies, and one of them is from 700 to 1500 feet thick. In 
the most massive of them Sir W. Logan observed in 1859 what he 
considered to be an organic body much' resembling the Silurian 
fossil called Stroma fopora rugosa. It had been obtained the year 
before by Mr. J. IMcCulloch at the Grand Calumet on the river 
Ottawa. This fossil was examined in 1864 by Dr. Dawson of 
Montreal, who detected in it, by aid of the microscope, the distinct 
structure of a Ithizopod or Foraminifer. Dr. Carpenter and Prof. 
T. Rupert Jones have since confirmed this opinion, comparing the 
structure to that of the well-known nummulite. It appears to have 
grown one layer over another, and to have formed reefs of lime- 
stone as do the living coral-building polyp animals. Parts of the 
original skeleton, consisting of carbonate of lime, are still jireserved ; 
while certain interspaces in the calcareous fossil have been filled up 
with serpentine and white uugite. On this oldest of known organic 
rcniuins Dr. Dawson has conferred the name of Eozoon Canadense ; 
its antiquity is such that the distance of time which separated 
from the Upper Cambrian period, or that of the Potsdam sandstone, 
may, says Sir %V. Logan, be equal to the time which elapsed between 
the Potsdam sandstone and tbe nuniinulitic limestones of the Tertiary 
period. The Laurentian and lluronian rocks united are about 50,00() 
feet in thickiu'ss, and the Lower Laurentian was disturbed before 
the newer series was deposited. We may naturally expect that 

r p 2 
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other proofs of unconformability will horoaftor be fleleclod at more 
than one point in so vast a succession of strata. 

The mineral character of the Ujiper l.aureiitinn <liflers, as wc 
liave seen, from that of tlie Lower, and the pebbles of "m*iss in tin* 
lluronian conj^lonierates are thoiiglit to prove tliat the Launnitiaii 
strata were already in a motamorphic state before thc'y were broken 
up to supply materials for the Iluroiiian. I’Jven if we had not dis- 
covered theEozoon, we might fairly have inferred from analogy that 
ns the quartzites were once bods of sand, and the gneiss and miea- 
>chist derived from shale> and argillaceous sandstones, so the eal- 
carcons masses, from 400 to 1000 ft‘et and more in thickness, wen» 
(u-iginally of organic origin. This is now generally believed to 
have been the case witli tlie Silurian, Devonian, Carboniferous, 
Oolitic, and Cretaceous limestones and those nnminnlitic rocks of 
tiTtiary date which bear the closest atfinity to the Eozoon reefs of 
the Lower Laurent ian. The old«*st stratilied rock in vScotland 
that called by Sir 11. Murchison ‘“the fundamental giieis>,” which 
forms tlie wliole of the island of Lewis in the Ilehridcs. On tlil^ 
gneiss, in parts of the Western Highlands, the Lower Cainbi ian and 
various metamorphie rocks rest uncon forniably. It is conjectured 
that this anci(Mit gneiss of Scotland may correspond in date with 
part of the great Laureiitian group of North America. 

ON THE AliSENCE OF VEKTKliH VT.V IN HOCKS UELOW THE I 1M»KH 

SI LI' HI AX. 

Supposed Period of Itt vertebrate Animals , — We have seen that in 
the upper part of the Silurian system a hone-bed occurs near Ludlow, 
ill which the remains of fish are abundant, and amongst them some 
of highly organized structure, referred to the gmiera Onchus and 
Pteraspis. We are indebted to Sir R. ^Murchison for having first 
unnouiiccd, in 1840, the discovery of those iehihyolites, and he then 
spoke of them as “the most ancient beings of their clas^.” In th(‘ 
third edition of his classical work*, he has reverted to tlie o})inion 
formerly expressed by liim, observing that the active researches of 
the last twenty years iu Euro])e and America “ had failed to modify 
that generalization.” He also adds : “ The fSiluriaii system thendbro 
may be regarded as representing a long period in which no verte- 
brated animals bad been called into existenei*.” 

In the same year (1859) in which this remark wns hazarded, the 
discovery of t\m Pteraspis^ mentioned by us at p. 552., in the Lower 
Ludlow rocks, carried back our knowledge of the existence of lish 
one step farther into the history of the past. But it is still a fact 
well worthy of notice that no remains of vertehrata have yet been 
met with in any strata older than the Tjower Ludlow? 

When we reflect on the hundreds of Alollusks, Eehiiiodiirms, Trilo- 
bites, Corals, and other fossils already obtained from more ancient 
Silurian formations, Upper, Middle, and Lower, we may well ask, 

* Siluria, p. 268., 18.09. 
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whether any set of* fossilifcroiis rocks newer in the series were ever 
studied witli equal diligence and over so vast an area without yield- 
ing a single ichtliyolite. 

Yet we ought to hesitate before we accept, oven on sucli evidence, 
so sweeping a conclasion, as that the globe, for ages after it was 
inhabited by all the great classes of iiivertebrata, remained wholly 
uiitenanted by vertebrate animals. In the first place, wa must re- 
iiKunber tliat we have detected no insects, or land-shells, or freshwater 
pulmoniferous inollusks, or terrestrial crustaceans, or plants (wiili 
the exception of fucoids), in rocks below the Upper Silurian. Their 
absence may admit of explanation, by supj)Osing almost all the de- 
])Osits of that era hitlujrto examined to have been formed in seas far 
li’oni land or beyond the influence of rivers. Here and there, indecfi, 
a sliallow-water, or (‘ven a littoral, deposit may have been met witJi 
in North Wales or North America; but, speaking generally, the 
Silurian deposits, as at present known, have certainly a more pelagic 
character than any other of equal extent and thickness. 

It is a curious fact, and not perhaps a mere fortuitous coincidence, 
that the only stratum in which land-plants occur is also the only 
OIK} which has yielded the remains of tisli in any considerable 
abundanee. Bone-beds in general, such as that of the uppermost 
Trias at Bristol and Stuttgart, or that of the Carboniferous Lime- 
stone near Bristol and Armagh, or, lastly, that of the “ Upper 
Ludlow,” are remarkable for containing teeth and hones, much 
rolled, and implying transportation from a distance. The association 
of tlie sporangia of Lycopodiaccie (see p. .548.) with the Ludlow 
ti<h-bones shows that plants had been washed from some dry land, 
then existing, and had been drifted into a common submarine re- 
reptaele Avith the hones; and it is well known that in the present 
state of the globe fish occur in the greatest numbers at the junction 
of rivers with tin; sea. Where the Upper Ludlow is devoid of 
plants, as is usually the case, it is as destitute of ichthyolites as are 
the Wenlock or Lhuideilo beds. 

It has been suggested in explanation, that Cephalopoda were so 
abundant in the Silurian period that they may have discharged the 
functions of lish ; to Avhich we may reply that both classes coexisted 
in the Upper Silurian period, and both of them swarmed together in 
the Carboniferous and Llassic seas, as they do now in certain parts 
of the ocean. Wo may also remark that we are too imperfectly 
acquainted with the distribution of scattered bones and teeth or the 
sk(}leton3 of dead fish on the floor of the existing ocean, to have a 
right to theorise with confidenofe on the absence of such relics over 
wide spaces at any former era. 

I'liey Avho in our own times have explored the bed of the sea 
inform us that ft is in general as barren of vertebrate remains as 
the soil of a forest on Avhich thousands of mammalia and reptiles 
have flourished for centuries. In the summer of 1850, Prof. K. 
Forbes and Mr. McAndreAV dredged tho bed of tho British seas 
from the Isle of Portland to the Land’s Kiul in Cormvall, and 
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tlience again to Shetland, recording and tabulating the numbers of 
the various organic bodies brought up by them in the course of 
140 distinct dredgings, nuido at ditVerent distances from tlie shore, 
some a quarter of a mile, others forty miles distant. TIuj list of 
species of marine invertebrate animals, whether Radiata, XloUusca, 
or Articulata, was very great, and thi number of individuals enor- 
mous ; but the only instances of vertebrate animals consisted of a 
lew ear-bones, and two or three verlebraa of iish, in all not abovi* 
six relics. 

It is still more extraordinary that Mr. MeAndrow should hav(» 
dredged the great “Ling Hanks” or cod-tisliery grounds otf the 
{Shetland Islands for shells without obtaining the bones or teeth of 
any dead fish, although he .sometimes drew up live ti'^h from tin* 
mud. This is the more singular because there are some ar(*as where 
recent fish-bones occur in the same northern seas in profusion, as I 
have shown in the “ Principles of Geology ” (see Index, “ Vitlal ”) ; 
two bone-heds having been discovered by Hritish hydrographei-s, one 
in tlie Irish Sea, and the other in the sea near the Faroe Isles, the 
tirst of them two, and the other three and a half miles in hmgth, 
w'liere the lead brings up everywhere the vortebrai of fish from 
various depths between 45 to 235 falboms. These may bo compared 
to the Upper Ludlow bone-bed ; and on the floor of the ocean of 
oui’ times, asou that of the Silurian epoch, there are other wide spaces 
where no bones are embedded in mud or sand. 

It may bo true, though it sounds somewhat like a paradox, that 
fish leave behind them no memorials of their pii'senee in place's 
where they swarm and multiply freely ; whereas currcnis may di ift 
their hones in great numbers to regions wholly destitute of living 
ti.^h. Such a .state of things would lx* ([uite analogous to what 
lakes place on the habitable laud, wdiere, instead of the surface 
becoming encnmbeied with lieap.s of skidi'tons of quadrupe<ls, 
birds, and Iand-rej>tiles, all solid bony substances are nunoved 
after death by cliemical proce>ses, c»r by the dig(^stiv<^ pow( rs of 
]n‘edaceous beasts ; so that, if at tome future j)( riod a geologist 
should seek for monuments of the former existence of siudi crea- 
tures, he must look unywhcie ratlnu* than in the area where they 
flourished. He must .search for them in s[)ots which were covered 
at the time with water, and to which some bones or earcase.s may 
have been occasionally carried by floods and jiermaiiently buriial in 
sediment. 

In the annexed Table, a few date.s arc .set before the n'udcu* of the 
discovery of different classes of nnitnals in ancient rocks, to enable 
him to perceive at a glance how gradual has been our progre.ss in 
tracing back the signs of vertebrata to formation.^ of high antiquity. 
Such facts may be useful iu warning us not to assume too hastily 
hat the point which our retrospect may have reached at the pre.sent 
moment can bc3 regarded as fixing the date of tlie first introduction 
of any one clas.s of beings upon the earth. 
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Dates of the Discovery of different Classes of Fossil Vertehrata ; 
showing the gradual Progress made in tracing them to Rocks of 
higher antiquity. 


Y<*;ir. Formatfnnf. 

f 1798.— Upper Eocene. 

MuramHliu. \ Oolite. 

I IH47. Upper Trials. 

[ 1782. Upper Eocene. 


1S39. — Lower Eocene. 


Aves. 




Pisces. 


1S55.- 

1 Upper Greens.nnil. 

(^1803. — Upper Oolite. 

f 1710. — Permian (or Zcchstcin). 

1 844. — Carboniferous. 

i 

^1709. — Permian (or Kupfer-scliie.^er). 
1793.— Carboniferous (Mouutaln Lime- 
stone). 

1828. — Devonian. 

1840.- Upper Ludlow. 
t^l859. — Lower Ludlow. 


Goof^raphical Localitii}* 
Paris (Gypsum of 
Montmartre).' 
StonesfieM.- 
Stuttgart.® 

Paris (Gypsum of 
Montmartre).' 

I.de of Sbeppey (Lon- 
don Clay ) ^ 
Woolwich Beds.^ 
Meudon (Plastic 
Clay >.* 

Cambridge. “ 
Solcnhofeii.'* 

Thuringia.''* 
Saarbruck, near 
Treves." 
Tliuringi.'i.'- 
Glasgow'.'® 

Caitlinep^j." 

Ludlow. 

Lcintwardinc."^ 


' George Cuvier. Bulletin Soc. Pliilom., xx. Scattered bones had been found in 
tlic gypsum some years before; but they were determined o.steologically, and their 
true geological position was assigned to them in tlii.s memoir. 

■ In 1818, Cuvier, visiting the Museum of Oxford, decided on the mammalian 
character of a jaw from Slonesticld. Sec also above, p. 404. 

‘ Pliimingcr, Prof. Soc above, p. 430. 

' M. Darcet discovered, and Lanuinon figured, as a fossil bird, some remains 
from Monfniartre, afterward.s recognized as such by Cuvier (Ossciuens Foss., Art. 

“ Oisciiiix’*). 

^ Owen, Prof., Gcol. Trans., 2nd Scr.. vol. vi. p. 203., 1839. The fossil bird dis- 
covered in the same year in the slates of tUaris in the Alps, and at first referred to 
tlu; cbalk, is now supposed to belong to the Nummulitic beds, and may therefore 
he of newer date than the Slieppey Clay. 

" A bird’s bone is also recorded by Mr. Prestwich as having been found by M 
de la Condaminc in the upper part of the W’oolwicli beds. (Quart. Geol. Journ., 
vol. X. p. l.'i?.) 

’ Early in IS-^.") the tibia and femur of a large bird equalling at least the ostrich 
in size were found at Meudon near Paris, at the base of the Plastic Clay. This 
bird, to which the n.ime of Gastornis Parisiensis has been assigned, appears, from 
the Memoirs of JVIM. Hebert, ].artet, and Owen, to belong to an extinct genus. 
Professor Owen refers it to the class of wading land-birds rather than to an aquatic 
species. (Quart. (Jeol. Journ., vol. xii. p. 204., 1856. 

Mr. Louis Barrett found many parts of the skeleton of a bird of the gull tribe 
in the coprolitie bod, in the Upper Greensand (see above, p. 330.). 

" 'file Arvhaopteryx macrura^ Owen, was determined to be a bird by Owen 
in 1863. It occurred in the Hthograpbic stone of iSolenhofen, in which a single 
featlier, probably of the same bird, had previously heen found (see abo>e, p. 394.). 

"* The fossil ii|onitorof 'rhiiringia (/’ro/onwaiirMS Spenert, V. Alcycr) was figured 
by Speller, of Berlin, in 1810. (Miscel. Berlin.) 

" See above, p. .50.3. 

'- Memorabilia Saxoniie Subterr., Leipsic, 1709. 
lli.story of Kniherglen, by Rev. David Ure, 1793. 

" Sedgwick ami Murchison, (leol. Trans., Second Scr., vol. iii. p. 141., 1828. 
Sir R. MuicbLoti. See above, p. 548. 
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** Mr. Leo, of the Priory, Cncrlcon (sec above, p. 552.), found Ptciasjiis in ]»rc- 
scnco of Mr. Lightbody, F.G.S. 

Obs , — The evidence derived from footprints, tboiich often to be relied on, is 
omitted in the above table, as being less exact than that founded on bones and 
teeth. 

There are many writers still living who, before the year lv^54, 
generalized fearlessly on the non-existence of reptiles in times an- 
tecedent to the Permian ; yet in the course of nineteen years they 
have lived to see the remains of reptiles of more than one family 
exhumed from various parts of the Carboniferous scries, liefore the 
year 1818, it was the popular belief that the PaUcotherium of the 
Paris gypsum and its associates were tlie first warm-blooded (piadru- 
peds that ever trod the surface of this planet. So fixed was this 
idea in the minds of the majority of naturalists, that, wlion at length 
the Stonesticld Mammalia were brought to light, they wore most un- 
willing to renounce their creed. First, the anti(piity of tlie rock was 
called in question ; and then the mammalian eharact(‘ * of the relies. 
But when at lengtli all controversy was set at rest on this point, 
the real import of the new revelation, as bearing on the doctrine of 
progressive development, was far from being duly appreciat(*d. 

Their signilicance arose from the aid they afforded us in estimating 
tlie true value of negative evidenee, when adduced to establi>h the 
non-existence of certain classes of animals at given ptudods of 
past. Every zoologist will admit that h(*tween the first creation and 
the final extinction of any one of the oolitic mammalia now known, 
whether at Stonesfield or Piirheck, there were many succe>sivc 
generations ; and, even if the geographical range* of each species was 
very limited (which we have no right to assume), still there must 
have been several hundred individuals in each g<‘ncration, and pro- 
bably wlien the species readied its maximum, several fliousands. 
When, therefore, we encounter for the first time in 18ol two or 
three jaws of Stereognathus or Spalacotheriam, after countless 
specimens of Mollusca and Crustaccie, and many insects, fish, and 
reptiles had been previously collected from the saimj beds, wo ar(^ 
not simply taught tliat these individual quadrupeds flourished at the 
eras in question, but that thousands, perhaps hundreds of thousands, 
of the same species peopled the land without leaving behind them 
any trace of their existence, whether in the shape of fossil hones or 
footprints ; or, if they left any traces, tliese have eluded a long and 
most laborious search. 

Moreover, we must never forget how many of the dates given in 
the above tabic (p. 583.) are due to British skill and energy, (jlreat 
Britain being still the only country in the world in which mammalia 
have been found in oolitic rocks. And if geology had b(;en culti- 
vated with less zeal in our island, we should kiiowivery little as 
yet of two extensive assemblages of tertiary mammalia of higher 
antiquity than the fauna of the Paris gypsum (already cited as 
having once laid claim to be the earliest that ever flourished on the 
earth) — namely, first, that of the Ileadon series (see above, p. 282.), 
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<ocon<lly, ono long prior to it in date, and antecedent to the 
London Clay. This last has already afforded us indications of 
Cheiroptera, Pacliyderiiiata, and Marsu])iala (see p. 292.). How 
then can we doubt, if the globe were to bo studied with the same 
diligence, if the six great continents, Kurope, Asia, Africa, 
Nortli and South America, and Australia, were equally well known, 
that every date assigned by us in the above Table for the earliest 
recorded a[q»earancc of fish, reptiles, birds, and mammals, would 
liavo to be alt(?red and shifted back ? Nay, if one other area, 
Mieh as jmrt of Spain, of the size of England and Scotland, were 
'^iibj<jcte<l to the same scrutiny (and we are still very imperfectly 
acquainted even with Great Britain), each class of vertebrata would 
perhaps recede one or more st(!ps farther back into the abyss of 
time: fish might penetrate into the Lower Silurian, — reptiles into 
the Upper Devonian, — mammalia into the Lower Trias, — bird^ into 
the ^liddle Oolite, — and, if wc turn to the Invertebrata, Trilobite^ 
and Cephalopods might descend into the Lower Cambrian, — and 
Foraminifera into rocks now styled Azoic, and older than the Lower 
Lauren tian. 

Yet, after these and many more analogous revisions of the Table, 
the order of chronological succession in the different classes of fos>il 
animals would probably continue the same as now ; — in other 
words, our success in tracing back the remains of each class to re- 
mote eras would be greate.'^t in iishes, next in reptiles, and letist in 
mammalia and birds. 

We have of late years acquired striking proofs of the difficulty of 
detecting the bones of man in those strata in wliich the works of 
his hands in the shape of flint implements abound. There are also 
large tracts of F^ocene rocks very prolific of shells and other or- 
ganisms, as in Belgium, for example, which have been diligently 
studied for nearly a century without yielding a single bone of a 
mammifer. In the whole world the cretaceous and oolitic rocks 
have each of them only afforded as yet a single example of a fossil 
bird. It would almost seem as if the higher the typo of organiza- 
tion the more powerful the spell required to evoke the remains of a 
fossil being from its stony sepulchre. 

“ Unwilling t iiiy lips unclose — 

Leave, uh I leave me to repose.” 

That we should meet with ichthyolites more universally at each 
era, and at greater depths in the scries, than any other edass of 
fossil vertebrata, would follow partly from our having ns palicontolo- 
gists to do chiefly with strata of marine origin, and partly, be- 
cause bones offish, however partial and capricious their distribution 
on the bed ftf the sea, are nevertheless more easily met with than 
those of reptiles or mammalia. In like manner the. extreme rarity 
of birds in Recent and Pliocene strata, even in those of fresh- 
water origin, miglit lead us to anticipate that their remains would 
be obtained with the greatest dii&culty iu the older rocks, as the Table 
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proves to bo the case, — even in tertiary strain, wherein we can more 
readily find deposits formed in lakes and estuari(\s. 

The only incongruity between the geological results, and those 
which our dredging experiences might have led us to anticipate 
a priori, consists in the frequency of fossil reptiles, and the com- 
parative scarcity of maininalia. It would appear that during all the 
secondary periods, not even excepting the newest part of the creta- 
ceous, there was a greater development of reptile life than is now 
witnessed in any part of the globe. The preponderance of this 
class over the mammalia may have depended in part on climatal 
conditions, but it seems also clearly to im[)ly the limited develop- 
ment, if not the total absence, before the Tertiary period of the 
placental mammalia, whether terrestrial or aquatic, which, when 
they became dominant, acquired power to check and ke(*p dowm the 
class of vertebrata nearly allied to them in structure, and coming 
most directly in competition witli them in the struggle for life. 
Fur notwithstanding the impossibility of assigning e‘ven <M)nj(*ctural 
limits to the chronological extension of each class of vertebrata as 
we trace them farther and farther hack into the past, it cannot ho 
denied that our failure to detect signs of them in older strata, in 
proportion to the rank of their organization, favours the doctrine of 
development, or at least of the sucee'^sive a])pearanc(‘ on the earth of 
beings more and more highly organized, euliuiuiiting at la>l in the 
advent of Man himself. 
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CHAPTER XKVIII. 

VOLCANIC ROCKS. 

Tr:?]» ri)(l<s — X;inio, whence derived — Their origin at first doubted — 

'ri'.clr j^n'iieral npitcaranccj and character — Volcanic; cones and crater^, how 
{.M iiiiMi—- Mineral coinpo**!!!!)!! and texture of volcanic rocks — Varieties of 
f.d-i'ar — Ihjrnhlende and au^itc — Isrmiorpiiisiu — lioclv!-, Iiow to he studied — 
Ua^.dt, trachyte, greenstone, porpliyry, scoria, amygdaloid, lava, tuiT — Agglo- 
nicr.itc — Lalcrite— Alidiahetical list, and cxjilanation (jf names and synonyinfe, of 
Mtlcanic rocks — Table of the analyses of minerals lno^t abundant in the vol- 
canic and hyi»ogcne rocks. 

'Fur. tiqiicous or fos.siliferous rocks Imving now been described, we 
have next to examine those which may be called volcanic, in tho 
most extended sense oF that tcirm. Suppose a a in the annexed 

Fis 072. 



,7. form.-itmns, Ktratfficd amt unslratifimt. 

b, Ai{U(‘''n4 fonnatiuDH. c. Vulcanic rucks. 


diagram, to nqwescmt the crystnllin** formations, such as the granitic 
and m(;tnmorj)hic ; hh th(' fossiliferous strata ; and cc tlie volcanic 
rocks. These last are sonu‘times found, as was explained in the first 
chapter, bn^aking through a and 5, sometimes overlying both, and 
t.ceasionally alternating with the >trata bb, Tliey also arc seen, in 
some instances, to pa>s in^msibly into the unstratified division of cr, 
or tli(* IHutonie rooks. 

When g(‘olog\sts first began to examine attentively the structure 
ol’ tlic northern and w('steru parts of Europe, they were almost en- 
tindy ignorant of the phenomena of existing volcanos. They found 
ci'rtaiu rocks, for the most part without stratification, and of a 
])(*(niliar mineral composition, to which they gave dilVercnt names, 
such as basalt, greenstone, porphyry, and amygdaloid. All these, 
which were recognized as belonging to one family, were called ‘‘ trap ” 
by llergmann, from trappa^ Swedish for a fliglit of steps — a name 
since adopted very generally into the nomenclature of the science ; 
for it was observed that many rocks of this class occurred in great 
tabular masses of unequal extent, so as to form a succession of ter- 
race's or steps on tho sides of hills. Tliis configuration appei^s to 
bo derived from two causes. First, the abrupt original terminations 
of sheets of melted matter, which have spread, whether on the land 
or bottom of the sea, over a level surface. For we know, in tho 
case of lava llowing from a volcano, that a stream, when it has 
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ceased to flow, and grown solid, very commonly ends in a steep slope, 
as lit (ty fig. 673. But, secondly, the step-liko nppearaiieo arises 

more frequently from the mode in whieli 
horizontal masses of igneous rock, sueli 
as b Cy interealat(*d hetweiui aqueous 
strata, or showers of voleanic dust and 
ashes, have, subse(pi(*ntly to tlieir origin, 
been exposed, at dillbrent lieiglits, by 
denudation. Such an outline, it is true, 
is not peculiar to trap rocks; great b(‘«ls 
of limestone, and other hard kinds of 
stone, often presenting similar terraces and prccii)ices : but thes<' 
are usually on a snialk'r scale, or less numerous, than the \oleanie 
strpSy or form less decided features in tlu' landscape, as being le.-s 
distinct in structure and composition from the associateil rocks. 

Although the eliaracters of trap rocks are gn‘atly div(‘r>iiied, the 
beginner will easily learn to di^tingllisll them as .i class from fin 
af[ueous formations. Sometimes they pre'^cmt ihemsehes, as aln’adv 
stated, in tabular masses, wliieh are nt>t divided by li<)riz(»ntal planes 
of stratification in the manner of sediiiu jitarv deposits. Sometimes 
they form chains of hills often conical in shapes Not uulreqiienfly 
they are seen as '‘dikes” or wall-liki* ma-s(‘^, inlerM'cfing foNNili- 
ferous beds. The rock is oecii.^ionally columnar, tin* (*oIiinins ><une- 
times decompo>ing into balls of \arions ^izes, from a few inches to 
.-overal feet in diameter. The decomposing ^nrlaee \ery eomimudy 
;i>siimes a coating of a rusty iron eohuir, from tin* oxidatimt ot‘ Irrni- 
Lnnous matter, ><> ahundant in the tra|»s in which aiigite or hovn- 
blentle occur; or, in tlu‘ fei-pathi<' varieties of trap, it ae<juires a 
whit<.* opaque coating, from the bleaching of the mineral called fid- 
'par. On examining any of the^e volcanic rocks, where they have 
not feufiered <ii>integration, wc rarely fail tii ileieet a er\>talline 
arrangc'inent in (mu or in<»re of the eomponent minerals. Sometime'^ 
the texture of tin* mass eelliihir or porous, or we |)ereeive tliat it 
lias once bet n full of pores and eidls whicIi ha\(‘ al‘hTward.*> become 
tilled with carbonate of lime, or other inlillrated mineral. 

Most of the volcanic rocks pn»duce a t'ertile >(dl by tlieir ilisinte- 
gration. It seems that their coiiipoiuuit ingredients, -ilica, almnina, 
lime, pota.di, iron, and the n*>t, are in proportions wi ll tilted for 
the growth (if vegetation. As they do not eflervesce with acids a 
deficiency of calcareous matter might at tir>t bo siispecleil ; but 
although i/ie carbonate of Jirno is rare, except in the nodules ol’ 
amygdaloids, yet it will be seen that lime sonietimes enters largely 
into tho composition of augite and hornblende. (See Tafile, p. 

Cones and Craters, — In regions when? the eruption of viileanii* 
matter has taken place in the open air, and where, thp surface has 
never since been subjected to great aqueous denudation, cones and 
craters con.stitute the most striking peculiarity of this class of form- 
ations. Many hundreds of these cones are seen in central France*, 
in the ancient provinces of Auvergne, Velay, and Vivaruis, where 
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Step-likc appcaraiK'o of trap. 
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tliey observe, for tlio most part, a linear arrangement, and form 
cliains of hills. Altliough none of the eruptions have happened 
within the historical era, tlie streams of lava may still be traced, dis- 
tinctly descending from many of the craters, and following the lowest 
ivivels of the existing valleys. The origin of the cone and crater- 


Fig. 674. 



Part of lilt* ihaiii of extinct \oIcanub called the Monts Dome, Auiergnc. (Scrupe.) 

sliajXMl hill is well understotid, the growth of many having been 
watched during volcanic eruptions. A ehasni or fi-'^ure first opens 
in the <‘ai th, from which great volumes of steam .and other gases are 
evolved. The ex])losions are so violent as to hurl up into the air 
fragments of broken stone, ])arts of which are shivered into minutt^ 
atoms. At the same time melted stone or htva usually ascends through 
lli(‘ chimney or vent by which the "a.-ics make their escaju*. Although 
extremely ln‘nvy, this lava is forced up by the expansive power of 
entangled gaseous fluids, chiefly steam or acju<*oiis vapour, exactly in 
t!ie same manner as water is made to boil over the edge of a vessel 
when steam has been geinTated at the bottom by heat. Large 
<1 nan titles of the lava are also shot up into tlie air, when* it separates 
into fragments, and aeiiuires a spongy texture by the sudden enlarge- 
ment of the included gases, and thus forms sconce, other portions 
being riMlueed to an impalpabh* powdt'r or dust. The showering 
down of the various (‘jected materials round the orifice of eruption 
gives ris(‘ to a conical mound, in which the successive envelopes of 
saml and seoriie form layers, dipping on all sides from a central axis. 
Ill lh(j mean time a hollow, called a c*m/rr, has been kept open in 
the mi<ldle of the mound by the continued passage upwards of steam 
and otli(*r gas(*ous fluids. The lava sometimes flows over the edge of 
the crater, and thus thiekons and strengthens (he sides of the cone; 
but sometimes it breaks down the cone on one side (see fig. 674.). 
and often it flows out from a fissure at the base of the hill, or ai 
some distance from its ba^ie.* 

Composition and nomenclature , — Before speaking of the connection 
between the products of modern volcanos and the rocks usually styled 
trappeaii, and before describing the external forms of both, and the 
matiiu*r and position in which they occur in the earth’s crust, it will 
be desirable t<k treat of their mineral composition and names. The 
^'arietics most frequently spoken of arc basalt and trachyte, to which 

* Vor a description and theory of active volcanos, sec rriiiciplcs of Geology, 
chaps, xxiv. et scq. & xxxii. 
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ilolerite, greenstone, clinkstone, and others might be added; while 
those founded eliietiy on peculiarities of texture, are porphyry, 
amygdaloid, lavii, volcanic breccia or agglomerate, tulV, scori®, and 
pumice. It may be stated generally, that all these are mainly com- 
posed of two minerals, or families of simple minerals, fihpar and 
hornblende; but the felspar preponderates greatly even in thos(i 
rocks to which the horiiblciulic mineral imparts its distinctive eha- 
rueter and prevailing colour. 

The two minerals alluded to may be regarded as two groups, rather 
than species. Felspar, for example, may be, lirst, common felspar 
(often called Orthoclase), that is to say, iH)tash-felspar, in which the 
predominant alkali is potash (see Table, p. 1)02.); or, secondly, albite 
i.e. soda-felspar, where the predominant alkali is soda ; or, thirdly, 
Oligoelase, in which there is aho more soda than potash, hut which 
contains le.ss silica than albite ; or, fourthly, Labrador-felspar (laibra- 
dorile), which ditlers not only in its iridescent hues and cleavage, 
hut also in containing less silica than albite, and hi having lime 
ill its base. Anorthite, so called from the oblique intcrfaeial angles 
of its rhoinboidal prisms, is nearly allied in comj)osition with La- 
bradorite. As to “ glassy felspar ” and “compact felspar,” they 
cannot rank as varieties of equal importance, for both tlie albitic and 
common felspar appear soiiietimes in transparent or ylusst/ crystals ; 
and compact felspar, or petro-silex, is a compound of a less definite 
nature, sometimes containing largely both soda and potasli. It might be 
called a felspathic paste, being the residuary matter after portions of 
the original matrix have crystallized. Kecent analysis has shown that 
all the varieties of felspar may contain boLli potash and soda, although 
in some of them the potash, and in otliers the soda, greatly prevails. 

The hornhlendic group coiisi.'^ts principally of two vari(*ties ; fir>t, 
hornblende, and, secondly, augite, Avhich were once regarded as 
very distinct, altJiough now some eminent mineralogists are in doubt 
whether they are not one and tlie same mineral, differing only as one 
crystalline form of native sulphur differs from another. 

The history of the changes of opinion on this point is curious and 
instructive. Werner first distinguislied augite from hornblende; and 
Jiis proposal to separate tliem obtained afterwards the sanction of 
Ilaiiy, Mohs, and other celebrated mineralogists. It was agreed that 
the form of the crystals of the two species were different, and their 
structure, as shown by cleavage^ that is to say, by breaking or cleaving 
the mineral with a chisel, or a blow of the liaiiimcr, in the direction 
in which it yields most readily. It was also found by analysis that, 
augite usually contained more lime, less alumina, and no fluiiric acid ; 
which last, though not alwaya found in liornblcndc, often enters into 
its composition in minute quantity. In addition to these cliaractei>, 
it was remarked as a geological fact, that augite and liorn blende am 
very rarely associated together in the same rock ; aiuVthat when tliis 
happened, as in some lavas of niodern date, the liorn blende occurs in 
the mass of the rock, where crystallization may have taken plan* more 
slowly, while the augite merely lines eavitii .s where the crystals may 
have been produced rapidly. It was also remarked, that in the 
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crystallino slafjs of furnaces, augitic forms were frequent, the horn- 
bhmilic entirely absent ; hence it was conjectured that hornblende 
might be llie result of slow, and augite of rapid cooling. This view 
was confirmed by the fact, that Mitscherlich and Berthier were able 
lo msike augitc artificially, but could never succeed in forming horn- 
blende. Lastly, Giistavus Bose fused a mass of hornblende in a 
])orcelain furnace, and found that it did not, on cooling, assume 
its previous shajM*, but invariably took that of augite. The same 
mineralogist observed certain crystals in rocks from Siberia which 
presented a hornblende cleavage^ while they had the external form 
of augite. 

If, from these data, it is inferred that the same substance may 
assume the crystalline forms of hornblende or augite indifferently, 
according to the more or less rapid cooling of the melted mass, it is 
nevertheless certain that the variety commonly called augite, and 
recognised by a peculiar crystalline form, has usually more lime in it, 
and less alumina, than that called hornblende, although the quantities 
of these elements do not seem to be always the same. Unquestionably 
tiu* facts and experiments above mentioned show the very near 
afiiiiily of hornblende and augitc ; but even the convertibility of one 
into the other, by melting and recrystallizing, does not perhaps de- 
monstrate their absolute identity. For there is often some portion 
of the materials in a crystal which arc not in perfect chemical com- 
bination with the rest. Carbonate of lime, for example, sometimes 
carries with it a considerable quantity of silex into its own form 
of crystal, the silex being mechanically mixed as sand, and yet not 
preventing the carbonate of lime fi'oin assuming the form proper to 
it. This is an extreme case, but in many others sonic one or more 
of the ingredients in a crystal may be excluded from perfect chemical 
union ; and after fusion, when the mass recrystallizes, the same 
elements may combine perfectly or in new proportions, and thus a 
new mineral may be produced. Or some one of the gaseous elements 
of tlie atmosphere, the oxygen for example, may, when the melted 
matter recoiisolidates, combine with some one of the component 
clement 'i. 

The tlifierent quantity of the impurities or refuse above alluded to, 
which may occur in all but the most transparent and perfect crystals, 
may partly explain the discordant results at which experienced 
chemists have arrived in their analysis of the same mineral. For the 
reader will find that crystals of a mineral determined to be the same 
by physical characters, crystalline form, and optical properties, have 
often been declared by skilful analyzers to be composed of distinct ele- 
ments. (Sec the table at p. 602.) This disagreement seemed at first 
subversive of the atomic theory, or the doctrine that there is a fixed 
and constant relation between the crystalline form and structure of 
a mineral aiill its chemical composition. The apparent anomaly, 
however, which threatened to throw the whole science of mineralogy 
into confusion, was in a great degree reconciled to fixed principles 
by the discoveries of Professor Mitscherlich at Berlin, who ascertained 
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that the composition of the minerals which had appeared so variable, 
was governed by a general law, to which he gav(^tlic name of 
isomorphism (from torof, isos, equal, and inop(j>i], morphe, form). Ac- 
cording to this law, the ingredients of a given species of mineral are 
not absolutely fixed as to tlieir kind and quality ; but one ingredient 
may be replaced by an equivalent portion of some analogous ingre- 
dient. Thus, in augite, the lime may bo in part replaced by portions 
of protoxide of iron, or of manganese, while the form of tho crystal, 
and the angle of its cleavage planes, remain tho same. These 
vicarious substitutions, however, of particular elements cannot exceed 
certain delined limits. 

Pyroxene, a name of Ilaiiy’s, is often used for augite in dc‘scrip- 
tions of volcanic rocks. It is properly, according to ]M. Dclessc, a 
general name, under which Augite, Diallage, and llypersthenc may 
be united, for these three are varieties of one and the same mineral 
species, having the same chemical formula with variable bases. 

Amphibole is in like manner a general term unch'r which Horn- 
blende and Actinolitc may be united. 

Having been led into this digression on some recent steps made in 
the progress of mineralogy, I may hm-e observe that the geological 
student must endeavour as soon as possible to familiarize* himself 
with the characters of live at least of tin* most abundant simple 
minerals of which rocks are composed. Tlu‘se are felspar, (piartz, 
micfi, hornblende, and carbonate of lime. This knowledge cannot 
be acquired from books, but recpiires personal insjiection, and tlie 
aid of a teacher. It is well to accustom the eye to know tlie apj)car- 
anee of rocks under the lens. To learn to distinguish felspar from 
(piartz is the most important step to be first aimed at. In general 
we may know tin? felspar beeaii-e it can b(* scratched with the point 
of a knife, whereas the quartz, from its extn'inc lifirdn(‘ss, receives 
no imjwession. If botli minerals are crystalline, the felspar may be 
known by its lamellar, and the quartz by its glass-like fracture ; but 
when th(?y occur in a granular or uncrystallized state*, the young 
geologist must not be di>couraged if, after considerabh? practice, he 
often fails to distinguish them by tlio eye alone. If llie felspar is 
granular, the blow-pipe may be iis(*d, for the cdg(*s of the grains can 
be rounded in the liaine, whereas those o\^ f/uurtz are infusible. In 
order to detect the varieties of lelspar above cnuinerat(?d, and to 
distinguish hornblende from augit(», the reflecting goniometer will 
often be useful, enabling tJie mineralogist to ascertain the angle of 
cleavage and shape of the crystal. 

The external cliaracters and composition of the felspars arc ex- 
tremely different from tliose of augite or hornblende ; so that the vol- 
canic rocks in which either of these minerals play a conspicuous part 
are easily recognizable. Ibit there arc mixtiires of the two clem(*nts 
in very different proporiwuH, tJie mass being sometirndJ* exclusively 
composed of felspar, and at otlier times largely of augite. Iletwecm 
the two extremes there is almost every interrmjdiate gradation ; yot 
certain compounds prevail so extensively in nature, and preserve so 
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much uniformity of aspect and composition, that it is useful in 
geology to regard them as distinct rocks, and to assign names to 
them, such as basalt, greenstone, trachyte, and others presently to 
be mentioned. 

Basalt , — As an example of rocks in which augitc is a conspicuous 
ingredient, basalt may first be mentioned. Although wo are more 
familiar with this term than with that of any other kind of trap, it 
is difficult to define it, the name having been used so compre- 
hensively, and sometimes so Vaguely. It has been generally applied 
to any trap rock of a black, bluish, or leaden-grey colour, having a 
uniform and compact texture. Most strictly, it consists of an inti- 
mate mixture of felspar, augite, and iron, to which a mineral of an 
olive-green colour, called olivine, is often superadded, in distinct 
grains or nodular masses. The iron is usually magnetic (oxydulated 
iron), and is often accompanied by another metal, titanium. The 
term ‘'Dolerite” is now much used for this rock, when the felspar is 
of the variety called Labradorite, as in the lavas of Etna. Basalt, 
according to Dr. Daubeny, in its more strict sense, is composed of 
‘‘an intimate mixture of augite with a zeolitic mineral which ap- 
pears to have been formed out of Labradorite by the addition of 
water, the presence of water being in all zeolites the dause of that 
bubbling uj) under the blow-pipe to which they owe their appella- 
tion/’* Of late years the analyses of M. Delcsse and other eminent 
mineralogists have shown that the opinion once entertained, that 
augite was the prevailing mineral in basalt, or even in the most 
augitic trap rocks, must be abandoned. Although its presence gives 
to these rocks theirdistinctive character as contrasted with trachytes, 
still the principal element in their composition is felspar. 

Avgite rock has, indeed, been defined by Leonhard as Ifeing made 
up princi 2 )ally or wdiolly of augitef, and in some veinstones, says 
Dclesse, such a rock may be found ; but the greater jiart of what 
passes by tlio name of augite rock is more rich in green felspar 
than in augite. Amphibolite^ in like manner, or Hornblende rocky 
is a trap of the basaltic family, in which there is much hornblende, 
and in which this mineral has been supposed to predominate ; but 
Delessc finds, by analysis, that the felspar may bo in excess, the 
base being fclspathic. 

In some varieties of basalt the quantity of olivine is very great ; 
and as this mineral differs but slightly in its chemical composition 
from serpentine (see Table of Analyses, p. 602.), containing even a 
larger i>roportion of magnesia than serpentine, it has been suggested 
with much probability that in the course of ages some basalts highly 
charged with olivine may be turned, by metamorphic action, into 
serpentine. 

Trachyte, — This nam^, derived from rpoxvc, rough, has .been 
given to the felspathic class of volcanic rocks which have a coarse, 
cellular paste, rough *and gritty to the touch. This paste has 
commonly been supposed to consist chiefly of albite, but according 

^ Volcanos, 2d ed. p. 18. f Mincmlrcich, 2d ed. p. 85. 
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to M. Delesso it is variable in composition, its prevailing alkali being 
soda. Through the base are disseminated crystals of glassy felspar, 
mica, and sometimes quartz and hornblende, although in the trachyte, 
properly so called, there is no quartz. The varieties of felspar which 
occur in trachyte are trisilicates, or those in which the silica is to 
the alumina in the proportion of three atoms to one.* 

Trachytie Porphyry^ according to Abich, has the ordinary com- 
position of trachyte, w'ith quartz superadded, and without any augite 
or titaniferous iron. Andesite is a name given by Gustavus Rose to 
a trachyte of the Andes, which contains the felspar called Andesin, 
together with glassy felspar (orthoclase) and hornblende dissemi- 
nated through a dark-coloured base. 

Clinkstone^ or Pkonolite, — Among the felspathic products of vol- 
canic action, this rock is remarkable for its tendency to lamination, 
which is sometimes such that it affords tiles for roofing. It rings 
when struck with the hammer, wliencc its name; is compact, and 
usually of a greyish blue or brovrnish colour ; is ^ ariable in compo- 
sition, but almost entirely composed of felspar, and in some cas(?s, 
according to Gmelin, of felspar and niesotype. When it contains 
disseminated crystals of felspar, it is called Clinkstone porphyry. 

Greenstone is the most abundant of those volcanic rocks Avhich are 
intermediate in their composition between the Basalts and Trachytes. 
The name has usually been extended to all granular mixtures, 
whether of hornblende and felspar, or of augite and felspar. The 
term diorite has been applied exclusively to compounds of hornblende 
and felspar. According to the analyses of Delesse and others, the 
chief cause of the green colour, in most greenstones, is not green 
hornblende nor augite, but a green siliceous base, very variable and 
indefinite hi its composition. The dark colour, however, of diorite is 
usually derived from disseminated plates of hornblende. 

The Basalts contain a smaller quantity of silica than the Trachytes, 
and a larger proportion of lime and magnesia. Hence, independently 
of the frequent presence of iron, basalt is heavier. Abich has there- 
fore proposed tliat w’C should w'cigh these rocks, in order to appre- 
ciate their composition in cases wdiere it is impossible to separate 
their component minerals. Thus, the variety of basalt called doleritc, 
which contains o3 per cent, of silica, has a specific gravity of 2*86; 
whereas trachyte, which has 66 per cent, of silica, has a sp. gr. of 
only 2*68 ; trachytie porpliyry, containing 69 per cent, of silica, a 
sp. gr. of only 2'58. If we then take a rock of intermediate compo- 
sition, such as that prevailing in the Peak of Toneriffc, whicli Abich 
calls Trachyte-doleritc, its proportion of silica being intermediate, 
or 58 per cent, it w'cighs 2'78, or more than trachyte, and less than 
basalt.f The basalts are generally dark in colour, sometimes almost 
black, whereas the trachytes are grey, and even occasionally white. 
As compared with the granitic n>cks, basalts and trachytes contain 
both of them more soda in their composition, the potash-felspars 


* Dr. Daubeny on Yolcanoi, 2d ed. pp. U, IS. 
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being generally abundant in tKo granites. The volcanic rocks 
moreover^ whether basaltic or tracliytie, contain less silica than the 
granites, in which last the excess of silica has gone to form quartz. 
This mineral, so conspicuous in granite, is usually wanting in the 
volcanic formations, and never predominates in them. 

The fusibility of the igneous rocks generally exceeds that of other 
rocks, for the alkaline matter and lime which commonly abound in 
their composition serve as a flux to the large quantity of silica, which 
would be otherwise so refractory an ingredient. 

AVo may now pass to the consideration of those igneous rocks, the 
characters of wdiich arc founded on their form rather than their 
composition. 

Porphyry is one of this class, and very characteristic of the vol- 
canic formations. When distinct crystals of one or more minerals are 
scattered through an earthy or compact base, the rock is termed 
a porphyry (sec fig. 675.). Thus trachyte is porphyritic; for in it, 
as in many modern lavas, there are crystals of felspar ; but in some 
porphyries tlic crystals are of augite, olivine, or other minerals. 
If the base be greenstone, b.asalt, or pitchstone, the rock may be 
denominated greenstone-porphyry, pitchstone-porphyry, and so 
forth. The old classical type of this form of rock is the red por- 
phyry of Egypt, or the well known 
“ Ilosso antico.” It consists, according 
to Delesse, of a red felspathic base in 
which are disseminated rose-coloured 
crystals of the felspar called oligoclase, 
with some plates of blackish horn- 
blende and grains of oxidized iron-ore 
(fer oligiste). Ped quartziferous por- 
phyry is a much more siliceous rock, 
containing about 70 or 80 per cent, 
of silex, while that of Egypt has only 
62 per cent. 

Amygdaloid, — This is also ano- 
ther form of igneous rock, admitting 
of every variety of composition. It comprehends any rock in which 
round or almond-shaped nodules of some mineral, such as agate, 
calcedony, calcareous spar, or zeolite, arc scattered through a base of 
wackc, basalt, greenstone, or other kind of trap. It derives its name 
from the Greek word amygdala^ an almond. The origin of this 
structure cannot bo doubted, for we may trace the process of its 
formation in modern lavas. Small pores or cMls are caused by 
bubbles of steam and gas confined in the melted matter. After or 
during consolidation, these empty spaces are gradually filled up by 
matter separating from the mass, or infiltered by water permeating 
the rock. AS these bubbles have been sometimes lengthened by the 
flow of the lava before it finally cooled, the contents of such cavities 
have the form of almonds. In some of the amygdaloidal traps of 
Scotland, where the nodules have decomposed, the empty cells are 
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White cryst-xls of frlspnr in a dark base 
hornblciuiu and felspar. 
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seen to have a glazed or vitreous coating, and in this respect exactly 
resemble scoriaceous lavas, or the slags of furnaces. 

The annexed figure represents a 
fragment of stone taken from the 
upper part of a sheet of basaltic 
lava in Auvergne. One half is 
scoriaceous, the pores being per- 
fectly empty; tlie other part is 
aniygdaloidal, the pores or cells 
being mostly filled up ^vith car- 
bonate of lime, forming white ker- 
nels. 

Lava , — This term has a some- 
what vague signification, liaving 
been applied to all melted matter 
observed to How in streams from 

Scoriaceous lav^n^part converted into an volcailic veiUS. AVhen this matter 

Montagne de la VeiDe. DeparimenC of Puy Consolidates ill the Open ail*, tllO 
de Dome, France. Upper part is usually scoriaceous, 

and the mass becomes more and more stony as we descend, or in 
l>roportiou as it has consolidated more slowly and under greater 
j)ressiire. At the bottom, however, of a stream of lava, a small 
portion of scoriaceous rock very frequently occurs, formed by the 
first thin sheet of liquid matter, which often precedes the main cur- 
rent, or in consequence of the contact with water in or upon tho 
damp soil. 

The more compact lavas arc often porphyritic, but even tho 
.-coriaceous part sometimes contains imperfect crystals, which liavo 
been <lerived from some older rocks, in wliicli the crystals pre- 
existed, but were not melted, as being more infusible in theii 
nature. 

Although melted matter rising in a crater, and even that which 
enters a rent on the side of a crafi^r, is called lava, yet this term 
belongs more projierly to that which lias flowed either in the opiui 
air or on the bed of a lake or sea. If the same fluid has not readied 
the surface, but has been merely injected into fissures below ground, 
it is called trap. 

There is every variety of composition in lavas ; some are tracliy- 
tic, as in the Peak of Teneriffe; a great number are basaltic, as in 
Vesuvius and Auvergne; other.s are Andesitic, as those of Chili; 
some of the most modern in Ve.suvius <Jonsist of green angite, and 
many of those of Etna of augite and Labrador-felspar. ** 

Scorice and Pumice may next be mcntioruKl as ]ioroiis rocks, pro- 
duced by the action of gases on materials melted by volcanic heat. 
ScoriiB are usually of a recldi.sh-brown and black colour, and arc the 
cinders and slags of basaltic or augitic lavas. Puntice is a light, 
fifiongy, fibrous substance, produced by tho action of gases on 
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tracliytic and other lavas ; the relation, however, of its origin to the 
composition of lava is not yet well understood. Von Buch says that 
it nciver occurs where only Labrador-felspar is present. 

Volcanic Trap tuff, — Small angular fragments of the scoria? 
and pumice, above-mentioned, and the dust of the same, produced by 
volcanic explosions, form the tuffs which abound in all regions of 
active volcanos, where showers of these materials, together with 
small pieces of other rocks ejected from the crater, fall down upon 
the land or into the sea. Here they often become mingled with 
shells, and are stratified. Such tuffs are sometimes bound together 
by a calcareous cemcmt, and form a stone susceptible of a beautiful 
polish. But even when little or no lime is present, there is a great 
tendency in the materials of ordinary tuffs to cohere together. Be- 
sides the peculiarity of their composition, some tuffs, or volcanic grits^ 
as they have been termed, differ from ordinary sandstones by the 
angularity of their grains, and they often pass into volcanic breccias. 

According to Mr. Scrope, the Italian geologists confine the term 
titjf] or tufa, to felspathose mixtures, and those composed principally 
of pumice, using the term peperino for the basaltic tuffs.* The 
])(*perinos thus distinguished are usually brown, and the tuffs grey or 
white. 

We meet occasionally with extremely compact beds of volcanic 
matcri.'ils, interstratilied with fossiliferous rocks. These may some- 
times be tuffs, although their density or compactness is such as to 
cause them to resemble many of those kinds of trap which are found 
in ordinary dikes. The chocolate-coloured mud, which was poured 
for weeks out of the crater of Graham’s Island, in the Mediterranean, 
in 1831, must, when unmixed with other materials, have constituted 
a stone heavier than granite. Each cubic inch of the impalpable 
powder which has fallen for days through the atmosphere, during 
some modern eruptions, has been found to weigh, without being 
compressed, as much as ordinary trap rocks, and to be often identical 
with these in mineral composition. • 

Palagonite-tuff. — The nature of volcanic tuffs must vary according 
to the mineral composition of the ashes and cinders thrown out of 
each vent, or from the same vent, at different times. In descrip- 
tions of Iceland, wo read of Palagonite-tuffs as very common. The 
name Palagonite was first given by Professor Bunsen to a mineral 
occurring in the volcanic formations of Palagonia, in Sicily. It is 
rather a mineral substance than a mineral, as it is always amorphous, 
and has never been found crystallized. Its composition is variable, 
but it may be defined as a hydrosilicate of alumina, containing oxide 
of iron, lime, magnesia, and some alkali. It is of a brown or black- 
ish-brown colour, and its specific density, 2-43. It enters largely 
into the composition of volcanic tuffs and brdbeias, and is considered 
by Bunsen as an altered rock, resulting from the action of steam on 
volcanic tuffs. 


* Gool. Trans. 2nd scries, voL ii. p. 211. 
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Agglomerate, — In the neighbourhood of volcanic vents, wo fre- 
quently observe accumulations of angular fragments of rock, formed 
during eruptions by the explosive action of steam, which shatters the 
subjacent stony formations, and hurls them up into the air. They 
then fall in showers around the cone or crater, or may bo spread for 
some distance over the surrounding country. The fragments consist 
usually of different varieties of scoriaceous and compact lavas ; but 
other kinds of rock, such as granite or even fossiliferous limestones, 
may be intermixed ; in short, any substance through which the ex- 
pansive gases have forced their way. Tlio dispersion of such ma- 
terials may be aided by the wind, as it varies in direction or intensity, 
Jind by the slope of the cone down w'hich they roll, or by Hoods of 
rain, which often accompany eruptions. But if the power of run- 
ning water, or of the waves and currents of the sea, be suliieient to 
carry the fragments to a distance, it can scarcely tail (unless whero 
ice intervenes) to wear off their angles, and the formation then 
becomes a conglomerate. If occasionally globular pieces of scoria.* 
abound in an agglomerate, they do not owe their round form to at- 
trition. 

The size of the angular stones in some agglomcratos is enormous ; 
for they may be two or three yards in diameter. The mass is often 
oO or 100 feet thick, witliout showing any marks of stratilication 
The U*rm volcanic breccia may be restricted to those tuffs which 
are made up of small angular pieces of rock. 

Tlie slaggy crust of a stream of lava will often, 'while yet in 
motion, split up into angular pieces, some of which, after the current 
has ceased to flow, may be seen to stick up five or six feet above the 
general surface. Such broken-up crusts resemble closely in structure 
the agglomerates above described, although the composition of tho 
materials will usually be more homogeneous. 

Laterite is a red or brick -like rock composed of silicate of alu- 
mina and oxide of iron. The red layers, called “ ochre beds,” di- 
viding the lavas of tlie Giant’s Causeway, are laterites. These were 
found by Delesse to be trap impregnated with the red oxide of iron, 
and in part reduced to kaolin. When still more decomposed they 
were found to be clay coloured by red ochre. As two of the lavas 
of the Giant’s Causeway are parted by a bed of lignite, it is not im- 
probable that the layers of laterite seen in the Antrim clifls resulted 
h*om atmospheric decomposition. In Madeira and the Canary Is- 
lands .streams of lava of subaerial origin are often divided by red 
bands of laterite, probably ancient soils formed by tho decomposition 
of the surfaces of lava-currents, many of these soils having been 
coloured red in the atmosphere by oxide of iron, others burnt into 
a red brick by the overflowing of heated lavas. These red bands 
are sometimes prismatic, the small prisms being at right angles to 
the sheets of lava. Ked clay or red marl, formed as above stated by 
the disintegration of lava, scorias, or tuff, has often accumulated to 
a great thickness in the valleys of Madeira, being washed into them 
by alluvial action ; and some of the thick beds of laterite in India 
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may have had a similar origin. In India, however, espcciallj in 
tlie Deccan, tlie term “ laterite ” seems to have been used too vaguely. 

It would bo tedious to enumerate all the varieties of trap and 
lava which have been regarded by different observers as sufficiently 
abundant to deserve distinct names, especially as each investigator is 
too apt to exaggerate the importance of local varieties which happen 
to prevail in districts best known to him. It will be useful, however, 
to subjoin hero, in the form of a glossary, an alphabetical list of the 
names and synonyms most commonly in use, with brief explanations, 
to which I have added a table of the analysis of the simple npnerals 
most abundant in the volcanic and bypogene rocks. 

Explanation of the Names, Synonyms, and Mineral Composition of 
the more abundant Volcanic Rocks. 

Agglomerate. A coarse breccia, composed of fragments of 'rock, cast out of 
volcanic vents, for tlic most part angular and without any admixture of 
water-worn stones. “ Volcanic conglomerates ** may be applied to mixtures 
in which water-worn stones occur. 

Aphanite, See Coraean. 

Ampiiiiiulitk, or IIounblende Kock, which sec. 

Amygdaloid. A particular form of volcanic rock ; see p, 595. 

Augjte Kock. A rock of the basaltic family, composed of felspar and augite. 
See i>. 593. 

AuGiTic-roiinivnr. Crj'stals of Labrador-felspar and of augite, in a green or 
dark grey base. (Jivse, Ann, des 3Iines, tom. 8. p* 22. 1835.) 

Basalt. An intimate mixture of felspar and augite with magnetic iron, oliWne, 
&c. See p. 593. 

Basanite. Name given by Alex. Brongniart to a rock, having a base of basalt, 
with more or less distinct crystals of augite disseminated through it. 

Claystone and Claystone-porphyrt. An earthy and compact stone, usually of 
a ])iirplish colour, like an indurated clay ; posses into hornstone ; generally 
contains scattered crystals of felspar and sometimes of quartz. 

Clinkstone. Syn. Phonolite, fissile Petrosilex, see pi 594.; a greyish-blue rock, 
having a tendency to divide into slabs ; hard, with clean fracture, ringing 
under the hammer; principally composed of felspar, and, according to 
GnicHn, of felspar and mesotype. {Leonhard, Mineralreich, p. 102.) 
Compact Felspar, which has also been called Petrosilex; the rock so colled 
includes the hornstone of some mineralogists, is allied to clinkstone, hut is 
harder, nuire compact, and translucent. It is a varying rock, of which the 
chemical composition is not well defined. {MacCullocKs Classification oj 
l^ocks, p. 481.) 

CoRNEAN or Aphanite. a compact homogeneous rock without a trace of 
crystallization, breaking with a smooth surface like some compact basalts; 
consists of hornblende, quartz, and felspar in intimate combination. It 
derives its name from the Latin word comUf hom, in allusion to its 
toughness and compact texture. 

Diallage Rock?. St/n. Enphotidc, Gabhro, and some Ophiolites. Compounded 
of felspar and diallage. 

DiOttiTE. A kind of Greenstone, which see. Components, felspar and hornblende 
in grains. According to liose, Ann, des Alines, tom. 8. p. 4., diorite consists 
of olbite and horublcude, but Delesse has shown that the felspar may be 



600 


MINERAL COMPOSITION OP 


[Ch. XXVIII. 

OHgoclase or Labradoritc. (i4nit. des Mines, 1849, tom. 16. p. 323.) Its 
dark colour is duo to disseminated plates of hornbloudo. See abovo 
p. 594. 

Dolerite. According to Rose (i6ul. p. 32.), its composition is black niigitc and 
Labrador-felspar; according to Leonhard (Afineralreich, &c., p. 77.), 
augite, Labrador-felspar, and magnetic iron. 'See above, p. 593. 

Domite. An earthy trachyte, found in the Tuy do Dome, in Auvergne. 

El'PHOTIDE. a mixture of grains of Labrador-felspar and diallagc. (Rose, ibid, 
p. 19.) According to some, this rock is detiiied to bo a mixture of augite 
or hornblende and Saussurite, a mineral allied to jade. (Allans Mine- 
rgiogy, p. 15S.) lluidingor Hrst observed that in this rock hornblende 
surrounds the crystals of diallage. 

Felstose. Same as compact felspar (which see). When crystals of felspar occur 
in it, it becomes felstunc or felspar-porpliyry. See also llornstone. 

Gabbro, see Diallagc rock. 

Greenstone. Syn. A mixture of felspar and hornblende. See above, p. 594. 

Greystone. (Graustein of Werner.) Lead-grey and greenish rock coinpusetl of 
felspar and augite, the felspar being more than sevcniy-live j)er cent. (ScrojK, 
Journ. of ScL Xo. 42. p. 221.) Greystone lavas are intermediate in ooin- 
positiou between basaltic and tracliytic lavas. 

Hornblende Roc’k, or Amphibolite. This rock, as defined by Leonhard, is 
composed entirely of hornblende ; but such a rock appears to be exceprional, 
and confined to mineral veins. Any rocks in which hornblemle i»lays a 
conspicuous part, constituting the “ roclios amphiboliiiues ’* of French 
writers, may be called hornblende rock. They always contain more or less 
felspar in their composition, and pjiss into basalt or greenstone, or aphanite. 
See p. 593. 

Hornstone-porphtrt. a kind of felspar porphyry {Leonhard, loc. cit), with a 
base of hornstone, a mineral approaching near to flint, which difiers from 
compact felspar in being infusible. * 

Hypers riiENE Rock, a mixture ol grains of Labrador-felspar and hvpersthcno 
(Rose, Ann, des Mines, tom. 8. p. 13.), ha>ing the structure of ’syenite or 
granite ; abundant among the traps of Skye. It is extremely tough, gray- 
ish, and greenish black. Some geologists consider it a greenstone, in which 
hypersthene replacx's hornblende ; and this opinion, says Dele.s»e, is borne 
out by the fact that hornblende usually occurs in hypersthene rock, often 
enveloping the crystals of hypersthene. The latter have u pearly or metallic- 
pearly lustre. 

Laterite. a red, jasperv, briok-liko rock, composed of silicate of alumina and 
oxide of iron, or sometimes consisting of clay coloured with red ochre. 
See above, p. 598. ^ 

MEI.APBTB& A variety of black porphyry composed of Ijibrador-feIsj)ar and a 
small quantity of augite. Its block colour was formerly attributed to di<- 
seminatcd microscopic crj-stals of augite, but M. Dclesso h:.s shown that 
the i^te 18 discoloured by hydrochloric acid, whereas this iwid d.ws not 
attack the crystals of augite, which are seen to bo isolated, and few in 
n^^r. (Ann. de» Mines, 4th scr. tom. xiL p. 228.) Jj’rom /mAoj, melon, 
black. 

Obsidian. Vitreous lava like melted glass, nearly allied to pitclistone. 

Opiuolite. a name given by Al. Brongniart to serpentine. 

Ophite. A name given by Palassoa to certain trap rocks of the Pyrenees, very 
variable in composition, usually composed of Ubrador-fclspar and horn- 
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blende, and sometimeg augite, occasionally of a green colour, and passing 
into surpciitine. 

Palaoonitb Tuff. An altered volcanic tuff containing the substance termed 
p.iliigoiiite. See p. 597. 

Peakl.'^tonk. a volcanic rock, having the lustre of mother of pearl ; usually 
having a nodular structure ; intimately related to ohsidiitn, but less glassy. 

Pei’UKIno. a furni of volcanic tuft*, composed of basaltic scoriaj. See p. 597. 

Petuosii.fx. See Clinkstone and Compact Felspar. 

PiioxoLiTK. Syn, of Cliukstonc, which see. 

Pitciistone, or Ketinite of the French. Vitreous lava, less glassy than obsidian ; 
a blackish green rock resembling glass, having a resinous lustre and ap- 
])earnnce of pitch ; composition usually of glassy felspar (orthoclase) with a 
little mica, quartz, and hornblende ; in Arran it forms a dike thirty feet 
wide, cutting through sandstone. 

PrMicE. A light, spongy, fibrous form of trachyte. See p. 596. 

l*yiioxKMC roKFiiYiiy, same as augitic- porphyry, pyroxene being Hauy*s name 
for aiigitc. 

ScoRi/E. St/n, volcanic cinders ; reddish brown or black porous form of lava. 
See p. 596. 

Serpen riNE. A greenish rock in which there is much magnesia. Its composition 
always approaches very near to the mineral called “noble serpentine ” {see 
Talilo of Analyses, p. 602.), which forms veins in this rock. The minerals 
nKJ-.t commonly found in ScTpeiitinc are diallage, garnet, chlorite, oxydu- 
lous iron, and chromate of iron. The diallage and garnet occurring in ser- 
]>cntine arc riclier in magnesia than when they are cr^'stallizcd in other 
rocks. {iJelesse, Ann. des Mines, 1851, tom. xviii. p. 309.) Occurs some- 
times, though rarely, in dikes, altering the contiguous strata ; is indifterently 
a member of the trappean or hypogeue series. Its absence from recent vol- 
canic products seems to imply that it belongs properly to the metamorphic 
class; and, oven when it is found in dikes cutting through aqueous forma- 
tions, it may be im altered basalt, which abounded greatly in olivine. 

Tephrine, synonymous with lava. Name proposed by Alex. Brongniart. 

Toadstune. A local name in Derbyshire for a kind of Avackc, which see. 

Trachyte. Chietly composed of glassy felspar, with crystals of glassy felspar. 
See p. 593. 

Trap Tuff. See p. 597. 

Trass. A kind of tuff or mud poured out by lake-craters during eruptions ; 
common in the Eifel, in Germany. 

Tuff. Syn. Trap-tufF, volcanic tuff. See p. 597. 

Vitreous Lava. See Pitchstono and Obsidian. 

Volcanic Tuff. See p. 597. 

Wacke. a soft and earthy variety of trap, having an argillaccons aspect. It 
resembles indurated clay, and when scratched, exhibits a shining streak. 

WiiiNSTOMB. A Scotch provincial term for greenstone and other bard trap rocks. 



602 


MlNBnALS m VOLCANIC BOCKS. [Ch. XKVIII, 


ANALYSIS OF MINERALS MOST ABUNDANT IN THE VOLCANIC AND 
HYPOGENE ROCKS. 
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CHAPTER XXIX. 

VOLCANIC ROCKS — continued. 

Trap (likes — sometimes project — sometimes leave fissures vacant bj decomposi- 
tion — Branches and veins of trap — Dikes more crystalline in the centre — 
Strata altered at or near the contact — Obliteration of organic remains — Con- 
version of chalk into marble — Trap interposed between strata — Columnar and 
glohiilur structure — Relation of trappean rocks to the products of active vol- 
canos Form, external structure, and origin of volcanic mountains - Craters 

and Calderas — Sandwich Islands — Lava flowing underground — Truncation of 
cones — Javanese calderas — Canary Islands— Structure and origin of the Cal- 
dera of Palma — Older and newer volcanic rocks in, iin conformable — Aqueous 
conglomerate in Palma— Hypothesis of upheaval considered— Slope on which 
sKuiy lavas may form — Extent and nature of aqueous erosion in PaJma — Island 
of St. Paul in the Indian Ocean— Pedk of Tenerifle, and ruins of older cone — 
Madeira — Its volcanic nxjks, partly of marine, and partly of subacrial origin — 
Central axis of eruptions — Varying dip of solid lavas near the axis, and further 
from it — Leaf-bed, and fossil land-plants — Central valleys of Madeira not 
craters, or calderas. 

Having in tlie last chapter spoken of the composition and mineral 
characters of volcanic rocks, I shall next describe the manner 
and po.sition in which they occur in the earth’s crust, and their 
external forms. The leading varieties both of the basaltic and 
trachytic rocks, as well as of greenstone and the rest, are found 
soinetiinos in dikes penetrating stratified and unstratified formations, 
sometimes in shapeless masses protruding through or overlying 
them, or in horizontal sheets intercalated between strata. 

Volcanic or trap dikes , — Fissures have already been spoken of as 
occurring in all kinds of rocks, some a few feet, others many yards 
in width, and often filled up with earth or angular pieces of stone, 
or with sand and pebbles. Instead of such materials, suppose a 

quantity of melted stone to be 
driven or injected into an open 
rent, and there consolidated, 
we have then a tabular mass 
resembling a wall, and called 
a trap dike. It is not un- 
common to find such dikes 
passing through strata of soft 
materials, such as tuff, scorias, 
or shale, which, being more 
perishable than the trap, are 
often washed away by the 
sea, rivers, or rain, in which 


Fig. 677. 



Dike In valley, near Braien Head. Madeira. 
(From a drawing of Capt. Basil Hall, R.N.) 
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Fig. 67 ^. 


case the dike stands prominently out in the face of precipices, or on 
the level surface of a country (see fig. 677.). 

In the islands of Arran and Skye, and in other parts of Scotland, 
where sandstone, conglomerate, and other hard rocks are traversed by 
dikes of trap, the converse of the above phenomenon is seen. The 
dike, having decomposed more rapidly than the containing rock, has 
once more left open the original fissure, often for a distance of many 

yards inland from the sea-coast, as 
represented in the annexed view (fig. 
678.). In these instances, the green- 
stone of the dike is usually more tough 
and hard than the sandstone ; but che- 
mical action, and chiefly the oxidation 
of the iron, has given rise to the more 
rapid decay. 

There is yet another case, by no 
means uncommon in Arran and other 
parts of Scotland, where the strata in 
contact with the dike, and for a certain 
distance from it, have been hardened, so 
as to resist the action of the weather 
Fissures lett vacant by decortiposea moFC than tlic dike itsclf, or tlic sur- 
locE ) ^^'’*^***‘*^*** rounding rocks. Wlien this liappens, 

two parallel walls of indurated strata 
are seen protruding above the general level of the country and 
following the course of the dike. 

As fissures sometimes send off branches, or divide into two or 
more fissures of equal size, so also we find trap dikes bifurcating 
and ramifying, and sometimes they are so tortuous 4is to be called 

veins, though this is more common in 
granite than in trap. The accompanying 
sketch (fig. 679.) by Dr. MacCulloch re- 
presents part of a sea-cliff in Argyle>hire, 
where an overlying mass of trap, d, sends 
out some veins which terminate down- 
wards. Another trap vein, a a, cuts 
through both the limestone, c, and the 
trap, S, 

In fig. 680., a ground plan is given of 
a ramifying dike of greenstone, which I observed cutting through 

Fig. 680. 



Fig. 679. 



Trap reins in Airdnamurchan. 



Ground plan of greenatone dike trarening sandstone. Arran. 
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gandstone on the beach near Eildonan Castle, in Arran. The 
larger branch varies from 5 to 7 feet in width, which will afford a 
scale of measurement for the whole. 

In the Hebrides and other countries, the same masses of trap 
which occupy; the surface of the country far and wide, concealing 
the subjacent stratified rocks, are seen also in the. sea cliffs, pro- 
longed downwards in veins or dikes, which probably unite with 
other masses of igneous rock at a greater depth. The largest of the 
dikes represented in the annexed diagram, and which are seen in 
part of the coast of Skye, is no less tlian 100 feet in width. 


Fig. 681. 



Trap dividing and covering sandstone near Sulshnish In Skye. (MacCullocb.) 


Every variety of trap-rock is sometimes found in dikes, as basalt, 
greenstone, felspar-porphyry, and trachyte. The amygdaloidal 
traps also occur, though more rarely, and even tuff and breccia, for 
the materials of these last may bd washed down into open fissures at 
tlie bottom of the sea, or during eruptions on the land may be 
showered into them from the air. 

Some dikes of trap may be followed for leagues uninterruptedly 
in nearly a straight direction, as in the north of England, showing 
that the fissures which they fill must have been of extraordinary 
length. , 

Li many cases trap at the edges or sides of a dike is less crys- 
talline or more ^earthy than in the centre, in consequence of the 
melted matter having cooled more rapidly by coming in contact 
with the cold sides of the fissure ; whereas, in the centre, where tlie 
matter of the dike is kept longer in a fluid or soft state, crystals are 
slowly formed. But I observed the converse of the above phe- 
nomena in Tcneriffe, in the neighbourhood of Santa Cruz, where a 
dike is seen cutting through horizontal beds of scoriae in the sea- 
cliff near the Barranco de Bufadero. It is vertical in its main 
direction, slightly flexuous, and about one foot thick. On each side 
are walls of compact basalt, but in the centre the rock is highly 
vesicular for a width of about 4 inches. In this instance, the 
fissure may have become wider after the lava on each side had 
consolidated, and the additional melted matter poured into the 
middle space may have cooled more rapidly than that at the sides. 

In the ancient part of Vesuvius, called Somma, a thin band of 
lialf-vitreous lava is found at the edge of some dikes. At the 
junction of greenstone dikes with limestone, a saMhami, or selvage, 
of serpentine ft occasionally observed. On the left shore of the 
fiord of Christiania, in Norway, I examined, in company with 
Professor Keilhau, a remarkable dike of syenitic greenstone, which 
is traced through Silurian strata, until at length, in the promontory 
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Fig. 683. 

Sjrenitlc greenstone dike of Nssodden, 
Christiania. 



, imbedded fragment of crystalline schist sur- 
rounded by a band of greenstone. 


of NoBSodden, it enters mica- 
schist. Fig. 682. represents a 
ground plan, where the dike 
appears 8 paces in width. In 
the middle it is highly crystal- 
line and granitiform, of a purplish 
colour, and containing a few 
crystals of mica, and strongly 
contrasted with the whitish mica- 
schist, between which and the 
syenitic rock there is usually on 
each side a distinct black band, 
18 inches wide, of dark green- 
stone. When first seen, these 


bands have the appearance of two accompanying dikes ; yet they 
are, in fact, only the diifereut form which the syenitic materials 
have assumed where near to or in contact with the mica-schist. 
At one point, a, one of the sahlbands terminates for a space ; but 
near this there is a large detached block, liaving a gneiss-like 
structure, consisting of hornblende and felspar, which is included in 
the midst of the dike. Round this a smaller encircling zone is seen, 
of dark basalt, or fine-grained greenstone, nearly corresponding to 
the larger ones wliich border the dike, but only 1 incli wide. 

It seems, tlierefore, evident that tlie fragment, has acted on the 
matter of the dike, probably by causing it to cool more rapidly, in 
tlie same manner as the walls of the fissure have acted on a larger 
scale. The facts, also, illustrate the facility with wliich a graiiiti- 
form syenite may into ordinary rocks of the volcanic family. 

The fact above alluded to, of a foreign fragment, sucli a.s If, 

fig. 682., included in tlie mid.st 
of the trap, as if torn off from 
some subjacent rock or the walls 
of a fissure, is by no means un- 
common. A fine example is 
seen in another dike of green- 
stone, 10 feet wide, in the 
nortliern suburb.s of Christiania, 
in Norway, of which the an- 
nexed figure is a ground plan. 
The dike pas-scs through shale, 
known by its fossils to belong to 
the Silurian seric.s. In the 
black base of greenstone are angular and roundish pieces of gneiss, 
gome white, others of a light fie.sh-colour, some without lamination, 
like granite, others with laminse, which, by their various and often 
opposite directions, show that they have been scattered at random 
through the matrix. These imbedded pieces of gneiss measure from 
1 to about 8 inches in diameter. 

Hoeis altered by volcanic dikes.— Alter these remarks on the form 



Greenitonc dike, with fragmpntt of gneisi. 
Sorgeofri, Chriftianla. 
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and composition of dikes themselves, 1 shall describe the alterations 
which they sometimes produce in the rocks in contact with them. 
The changes are usually such as the intense heat of melted matter 
and the entangled gases might be expected to cause. 

Plas-Newyidd . — A striking example, near Plas-Newydd, in 
Anglesea, has been described by Professor Henslow.* The dike is 
134 feet wide, and consists of a rock which is a compound of felspar 
and augite (dolerite of some authors). Strata of shale and argilla- 
ceous limestone,- through which it cuts perpendicularly, are altered 
to a distance of 30, or even, in some places, to 35 feet from the edge, 
of the dike. The shale, as it approaches the trap, becomes gradually 
more compact, and is most indurated where nearest the junction. 
Here it loses part of its schistose structure, but the separation into 
parallel layers is still discernible. Li several places the shale is con- 
verted into hard porcellanous jasper. In the most hardened part of 
the mass the fossil shells, principally Producti, are nearly obliter- 
ated; yet even here their impressions may frequently be traced. 
The argillaceous limestone undergoes analogous mutations, losing its 
earthy texture as it approaches the dike, and becoming granular and 
crystalline. But the most extraordinary phenomenon is the appear- 
ance in the shale of numerous crystals of analcime and garnet, which 
are distinctly confined to those portions of the rock affected by the 
dike.f Some garnets contain as much as 20 per cent, of lime, which 
they may have derived from the decomposition of tiie fossil shells or 
Producti. The same mineral has been observed, under very ana- 
logous circumstances, in High Tcesdale, by Professor Sedgwick, 
where it also occurs in shale and limestone, altered by basalt.'!^ 

Antrim , — ^In several parts of the county of Antrim, in the north 
of Ireland, chalk with flints is traversed by basaltic dikes. The 
chalk is there converted into granular marble near the basalt, the 
change sometimes extending 8 or 10 feet from the urall of the dike, 
being greatest near the point of contact, and thence gradually de- 
creasing till it becomes evanescent. “ The extreme eflfect,” says Dr. 
Berger, “ presents a dark brown crystalline limestone, the crystals 
running in flakes as large as those of coarse primitive (metamorphic) 
limestone ; the next state is saccharine, then fine grained and arena- 
ceous; a compact variety, having a porcellanous aspect and a bluish- 
grey colour, succeeds : this, towards the outer edge, becomes yellow- 
ish-white, and insensibly graduates into the unaltered chalk. The 
flints in the altered chalk usually assume a grey yellowish colour.” § 
All traces of organic remains are effaced in that part of the lime- 
stone which is most crystalline. 

The annexed drawing (fig. 684.) represents three basaltic dikes 
traversing the chalk, all within the distance of 90 feet The chalk 
contiguous to the two outer dikes is converted into a finely granular 
marble, m as are the whole of the masses between the outer dikes 

• Cambridge Transactions, vol. i. ± Ibid. rol. ii. p. 175. 
p. 402. § Dr. Berger, Gcol. Trans. Ist series, 

f Ibid. vol. 1. p. 410. voL hi. 172. 
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Dg.SM. 



Dike 35 ft. Dike Dike 20 ft. 

1 foot. 

Besaltic dikes in chalk in island of Ratlilin, Antrim. 

Ground plan, as seen on the beach. (Conybeare and Buckland.*) 

and tlie central one. The entire contrast in the composition and 
colour of the intrusive and invaded rocks, in these cases, renders the 
phenomena peculiarly clear and interesting. 

Another of the dikes of the north-east of Ireland has converted a 
mass of red sandstone into hornstone. By another, the shale of the 
coal-measures has been indurated, assuming the character of flinty 
slate; and in another place the slate-cljiy of the lias has been 
changed into flinty slate, which still retains numerous Impressions of 
ammonites.f 

It might have been anticipated that beds of coal would, from their 
combustible nature, bo affected in an extraordinary degree by the 
contact of melted rock. Accordingly, one of the greenstone dikes of 
Antrim, on passing through a bed of coal, reduces it to a cinder for 
the space of 9 feet on each side. 

At Cockfield Fell, in the north of England, a similar change is 
observed. Specimens taken at the distance of about 30 yards from 
the trap are not distinguishable from ordinary pit-coal ; those nearer 
the dike are like cinders, and have all the character of coke ; while 
those close to it are converted into a substance resembling soot.J 

As examples might be multiplied without end, I shall merely 
select one or two others, and then conclude. The rock of Stirling 
Castle is a calcareous sandstone, fractured and forcibly displaced by 
a mass of greenstone which has evidently invaded the strata in a 
melted state. The sandstone has been indurated, and has assumed a 
texture approaching to hornstone near the junction. In Arthur’s 
Seat and Salisbury Craig, near Edinburgh, a sandstone which comes 
in contact with greenstone is converted into a jaspideous rock. 

The secondary sandstones in Skye are converted into solid quartz 
in several places, where they come in contact with veins or masses 
of trap ; and a bed of quartz, says Dr. MacCulloch, found near a 
mass of trap, among the coal strata of Fife, was in all probability a 
stratum of ordinary sandstone, having been subsequently indurated 
and turned into quartzite by the action of heat.§ • 

But although strata in the neighbourhood of dikes are thus altered 

* Geol. Trans. 1st scries, vol. iiL % Sedgwick, Camb. Trans. voL iL 
p. 210. and plate 10. p. 37. 

t Ibid. p. 213. ; and PlaTfair, lUnst. § Syst. of GcoL voL i. p. 206. 
of Hutt. Theory, s. 253. 
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in a variety of cases, shale being turned into flinty slate or jasper, 
limestone into crystalline marble, sandstone into quartz, coal into 
coke, and the fossil remains of all such strata wholly and in part 
obliterated, it is by no means uncommon to meet with the same rocks, 
even in the same districts, absolutely unchanged in the proximity of 
volcanic dikes. 

This great inequality in the effects of the igneous rocks may often 
arise from an original difference in their temperature, and in that of 
the entangled gases, such as is ascertained to prevail in different 
lavas, or in the same lava near its source and at a distance from it. 
The power also of the invaded rocks to conduct heat may vary, 
according to their composition, structure, and the fractures which 
tliey may have experienced, and perhaps, also, according to the quan- 
tity of water (so capable of being heated) which they contain. It 
must happen in some cases that the component materials are mixed 
in such proportions as prepare them readily to enter into chemical 
union, and form new minerals ; while in other cases the mass may 
be more homogeneous, or the proportions less adapted for such 
union. 

Wo must also take into consideration, that one fissure may be sim- 
ply filled with lava, which may begin to cool from the firsts whereas 
in other cases the fissure may give passage to a current of melted 
matter, which may ascend for days or months, feeding streams which 
are overflowing the country above, or are ejected in the shape of 
scoriae from some crater. If the walls of a rent, moreover, are 
heated by hot vapour before the lava rises, as we know may happen 
on the flanks of a volcano, the additional caloric supplied by the dike 
and its gases will act more powerfully. 

Intrusion of trap between strata . — In proof of the mechanical 
force which the fluid trap has sometimes exerted on the rocks into 
which it has intruded itself, I may refer to the Whin-Sill, where a 
mass of basalt, from 60 to 80 feet in height, represented by 
fig. 685., is in pjirt wedged in between the rocks of limestone, 6, and 


Fig. 685. 



shale, c, which have been separated from the great mass of limestone 
and shale, c?, with which they were united. 

♦ Camb. Trans, vol. ii. p. ISO. 
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The shale in this place is indurated; and the limestone, which at 
a distance from the trap is blue, and contains fossil corals, is here 
converted into white granular marble without fossils. 

Masses of trap are not unfrequently met with intercalated between 
strata, and maintaining their parallelism to the planes of stratifica- 
tion throughout large areas. They must in some places have forced 
their way laterally between the divisions of the strata, a direction in 
which there would bo the least rcsistance to an advancing fluid, if 
no vertical rents communicated with the surface, and a powerful 
hydrostatic pressure were caused by gases propelling the lava 
upwards. 

Columnar and globular structure, — One of the characteristic 
forms of volcanic rocks, especially of basalt, is the columnar, where 
large masses are divided into regular prisms, sometimes easily s(*pa- 
rable, but in other cases adhering firmly together. Tiie columns 
vary in the number of angles, from three to twelve ; but they have 
most commonly from five to seven sides. They are often divided 
transversely, at nearly equal distances, like the joiiu^ in a vertebral 
column, as in the Giants’ Causeway, in Ireland. They vary exceed- 
ingly in respect to length and diameter. J3r. iVlacCulloch mentions 
some in Skye which are about 400 feet long ; others, in Morveii, not 
exceeding an inch. In regard to diameter, those of Ailsa measure 9 
feet, and those of Morven an inch or less.* They are usually straight, 
but sometimes curved ; and examples of both these occur in the 
island of StafFa. In a horizontal bed or sheet of trap the columns 
are vertical ; in a vertical dike they arc horizontal. Among other 
examples of the last-mentioned phenomenon is the mass of basalt, 
called the Chimney, in St. Helena (sec fig. 686.), a pile of hexagonal 


Fig. 686. 



Volcanic dike comiiospd of hori- 
zontal pribins. SC. Helena. 


prisms, 64 feet high, evidently the remainder of a narrow dike, the 
walls of rock which the dike originally traversed having been ro- 


* MacCul., Syst. of Gcol.,vol. ii. p. 137. 


Ch. XXIX.] STRUCTURE OP VOLCANIC ROCKS. 611 

moved down to the level of the sea. In fig. 687., a small portion of 
this dike is represented on a less reduced scale.* 

It being assumed that columnar trap has consolidated from a fiuid 
state, the prisms are said to be always at right angles to the cooling 
surfaces. If these surfaces, therefore, instead of being either per- 
pendicular or horizontal, are curved, the columns ought to be inclined 
at every angle to the horizon ; and there is a beautiful exemplifica- 
tion of this phenomenon in ofio of the valleys of the Vivarais, a 
mountainous district in the South of France, where, in the midst of 
a region of gneiss, a geologist encounters unexpectedly several 
volcanic cones of loose sand and scorias. From the crater of one of 
these cones, called La Coupe d’Ayzac, a stream of lava descends and 
occupies the bottom of a narrow valley, except at those points where 
the river Volant, or the torrents which join it, have cut away portions 
of the solid lava. The accompanying sketch (fig. 688.) represents the 



remnant of the lava at one of the points where a lateral torrent joins 
the main valley of the Volant. It is clear that the lava once filled 
tlic whole valley up to the dotted line d a ; but the river has gra- 
dually swept away all below that line, while the tributary torrent has 
laid open a transverse section ; by which wo perceive, in the first 
place, that the Lava is composed, as usual in this country, of three 
parts : the uppermost, at «, being scoriaceous ; the second, ft, pre- 
senting irregular prisms; and the third, c, with regular columns, 
which are vertical on the banks of the Volant, where they rest on a 
horizontal base of gneiss, but which are inclined at an angle of 45° at 
and are horizontal at f their position having been every where 
determined, according to the law before mentioned, by the concave 
form of the original valley. 

In the annexed figure (689.) a view is given of some of the in- 
clined and curved columns which present themselves on the sides 
of the valleys in the hilly region north of Vicefiza, in Italy, and 
at the foot of the higher Alps.f Unlike those of the Vivarais, last 
mentioned, the ])asalt of this country was evidently submarine, and 
the present valleys have since been hollowed out by denudation. 

* Seale’s Geognosy of St. Helena, t Fortis. Mem. sur I’llist. Nat. de 
plate 9. ritalie, tom. i. p. 233. plate 7. 

a u 2 
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The columnar structure is by no means 
peculiar to the trap rocks in which 
augite abounds; it is also observed in 
clinkstone, trachyte, and other felspathic 
rocks of the igneous class, although in 
these it is rarely exhibited in such re- 
gular polygonal forms. 

It has Been already stated that basaltic 
columns are often divided by cross joints. 
Sometimes each segment, instead of an 
angular, assumes a spheroidal form, so 
that a pillar is made up of a pile of 
Columnar basalt in the vicenttn. balls, usually flattened, as in the Cheese- 

grotto at Bertrich-Baden, in the Eifel, 
near the Moselle (fig. 690.). The basalt there is part of a small 
stream of lava, from 30 to 40 feet thick, which has proceeded from 

Fij?. 


Eiisaltic pillars of the Kasegrotte, Bertnch>Baden, half way between Treves and Coblentz. 

Height of grotto, from 7 to 8 feet. 

one of several volcanic craters, still extant, on the neighbouring 
heights. The position of the lava bordering the river in this valley 
might be represented by a section like that already given at fig. 635. 
if we merely supposed inclined strata of slate and the argillaceous 
sandstone called greywacke to be substituted for gneiss. 

In some masses of decomposing greenstone, basalt, and other trap 
rocks, the globular structure is so conspicuous that the rock has the 
appearance of a heap of largo cannon balls. According to the theory 
of M. Delesse, the centre of each spheroid has been a centre of crys- 
tallization, around which the different minerals of the rock arranged 
themselves symmetrically during the process of cooling. But it was 
also, he says, a centre of contraction, produced by the same cooling. 
The globular form, therefore, of such spheroids is the combined 
result of crystallization and contraction.* 

* Delcssc, sur Ics Roches Globulcuses, Mem. de la Soc. Geol. dc France, 2 sdr. 
tom. iv. 
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A striking example of this structure occurs in a resinous trachyte 
or pitchstone-porphyry in one of the Ponza islands, which rise from 
the Mediterranean, off the coast of Terracina and Gaeta. The 

globes vary from a few inches to three 
feet in diameter, and are of an ellipsoidal 
form (see fig. 691.). The whole rock is 
in a state of decomposition, “ and when 
the balls,” says Mr. Scrope, “ have been 
exposed a short time to the weather, they 
scale off at a touch into numerous con- 
centric coats, like those of a bulbous root, 
inclosing a compact nucleus. The laminae 
of this nucleus have not been so much 
loosened by decomposition ; but the appli- 
cation of a ruder blow will produce a still 
further exfoliation.”* 

A fissile texture is occasionally assumed 
by clinkstone and other trap rocks, so that 
they have been used for roofing houses. 
Sometimes the prismatic and slaty struc- 
ture is found in the same mass. The 
(ScreAf) causes which give rise to such arrange- 
ments are very obscure, but are supposed 
to be connected with changes of temperature during the cooling of 
tlie mass, as will be pointed out in the sequel. (See Chaps. XXXV. 
and XXXVI) 

Relation of Trappean Rocks to the products of active Volcaiios. 

' When wo refiect on the changes above described in the strata near 
their contact with trap dikes, and consider how complete is the 
analogy or often identity in composition and structure of the rocks 
called trappean and the lavas of active volcanos, it seems difficult at 
first to understand how so much doubt could have prevailed for half 
a century as to whether trap was of igneous or aqueous origin. To 
a certain extent, however, there was a real distinction between the 
trappean formations and those to which the term volcanic was almost 
exclusively confined. A large portion of the trappean rocks first 
studied in the north of Germany, and in Norway, France, Scotland, 
and other countries, were such as had been formed entirely under 
water, or had been injected into fissures and intruded between stratii, 
and wliich had never flowed out in the air, or over the bottom of a 
shallow sea. When these products, therefore, of submarine or sub- 
terranean igneous action were contrasted with loose cones of scoriae, 
tuft', and lavji, t)r with narrow streams of lava in great part scoria- 
ceous and porous, such as were observed to have proceeded from 
Vesuvius and Etna, the resemblance seemed remote and equivocal. 

* Scrope, GcoL Trans. 2d scries, voL ii. p. 205. 
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It was, in truth, like comparing the roots of a tree with its leaves 
and branches, which, although they belong to the same plant, ditfer 
in form, texture, colour, mode of growth, and position. The external 
cone, with its loose ashes and porous lava, may be likened to the 
light foliage and branches, and the rocks concealed far below, to the 
roots. But it is not enough to say of the volcano, 

“ quantum verticc in auras 
^therias, tantum radico in Tartara tendit,** 

for its roots do literally reach downwards to Tartarus, or to the 
regions of subterranean fire; and what is concealed far below is 
probably always fnore important in volume and extent than what is 
visible above ground. 

We have already stated how frequently dense masses of strata 
have been removed by denudation from wide areas (see Chap. VI.) ; 

and this fact prepares us to expect a 
similar destruction of whatever may 
once have formed the npp(‘rmost part 
of ancient submarine or subaerial vol- 
canos, more especially as those super- 
ficial parts are always of the lightest 
and most perishable materials. Tlio 
abrupt manner in which dikes of trap 
usually terminate at the surface (see 
fig. 692.), and the water-worn p(;bbles 
of trap in the alluvium which covers 
the dike, prove incontestably that whatever was uppermost in these 
formations has been swept away. It is easy, therefore, to conccuvc 
that what is gone in regions of trap may have corresponded to what 
is now visible in active volcanos. 

It w-ill be seen in the following chapters, that in the earth’s crust 
there are volcanic tuffs of all ages, containing marine shells, Avhicli 
bear witness to eruptions at many successive geological periods. 
These tuffs, and the associated trappean rocks, must not bo comparted 
to lava and scoriaa which had cooled in the open air. Their counter- 
parts must be sought in the products of modern submarine volcanic 
eruptions. If it be objected that we have no opportunity of studying 
these last, it may be answered, that subterranean movements liavo 
caused, almost everywhere in regions of active volcanos, great 
changes in the relative level of land and sea, in times comparatively 
modern, so as to expose to view the effects of volcanic operations at 
the bottom of the sea. 

Thus, for example, the examination of the igneous rocks of Sicily, 
especially those of the Val di Noto, has proved that all the more 
ordinary varieties of European trap have been there produced under 
the waters of the sea, at a modern period ; that is to say, since the 
Mediterranean has been inhabited by a great proportion of the 
existing species of testacea. 


Fig. 65)2. 






T>Trr^ 1 

1 : 


i' j 


i- . 
i ^ 


, 



Strat.! intercppCcMl by a trap dike, and 
covered with alluvium. 



Ch. XXIX.] LAVA, AND SCORIiE. 615 

These igneous rocks of the Val di Noto, and the more ancient 
trappean rocks of Scotland and other countries, differ from sub- 
aerial volcanic formations in being more compact and heavy, and 
in forming sometimes extensive sheets of matter intercalated be- 
tween marine strata, and sometimes stratihed conglomerates, of 
which the rounded pebbles are all trap. They differ also in the 
absence of regular cones and craters, and in the want of conformity 
of the lava to the lowest levels of existing valleys. 

It is highly probable, however, that insular cones did exist in 
some parts of the Val di Noto : and that they were removed by the 
waves, in the same manner as the cone of Graham Island, in the 
Mediterranean, was swept away in 1831, and that of Nyoe, off 
Iceland, in 1783.* All that would remain in such cases, after the 
bed of the sea has been upheaved and laid dry, would be dikes and 
shfipeless masses of igneous rock, cutting through sheets of lava 
which may have spread over the level bottom of the sea, and strata 
of tuff, formed of materials first scattered far and wide by the winds 
and waves, and then deposited. Conglomerates also, with pebbles 
of trap, to which the action of the waves must give rise during the 
denudation of such volcanic islands, will emerge from the deep 
whenever the bottom of the sea becomes land. The proportion of 
volcanic matter which is originally submarine must always be very 
great, as those volcanic vents which are not entirely beneath the 
sea are almost all of them in islands, or, if on continents, near the 
shore. 

As to the absence of porosity in the trappean formations, the 
appearances are in a great degree deceptive, for all amygdaloids are, 
as already explained, porous rocks, into the cells of which mineral 
matter such as silex, carbonate of lime, and other ingredients, have 
been subsequently introduced (see p. 596.) ; sometimes, perhaps, by 
secretion during the cooling and consolidation of lavas. 

In the Little Cumbray, one of the Western Islands, near Arran, 
the amygdaloid sometimes contains elongated cavities filled with 
brown spar; and when the nodules have been washed out, the 
interior of the cavities is glazed with the vitreous varnish so cha- 
racteristic of the pores of slaggy lavas. Even in some parts of this 
rock v/hich are excluded from air and water, the cells are empty, 
and seem to have always remained in this state, and are therefore 
undistinguishable from some modern lavas.'l’ 

Dr. MacCulloch, after examining with great attention these and 
the other igneous rocks of Scotland, observes, “that it' is a mere 
dispute about terms, to refuse to the ancient eruptions of trap the 
name of submarine volcanoes ; for they are such in every essential 
point, although they no longer eject fire and smoke.” J The same 
author also considers it not improbable that some of the volcanic 

* SccPrinc. of Geol., Index^ “Gra- f MacCulloch, West. Islands, vol. ii. 
ham Island,” “Nycie,” “Conglomerates, p. 487. 

volcanic,” &c. J Syst. of Gcol. vol. ii. p. 114. 
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rocks of the same country may have been poured out in the open 
air.* 

Although the principal component minerals of subaerial lavas are 
the same as those of intrusive trap, and both the columnar and 
globular structure are common to both, there are, nevertheless, some 
volcanic rocks which never occur in currents of lava, such as 
greenstone, the more crystalline porphyries, and those traps in 
which quartz and mica appear as constituent parts. In short, the 
intrusive trap rocks, forming the intermediate step between lava 
and the plutonic rocks, depart in their characters from lava in 
proportion as they approximate to granite. 

These views respecting the relations of the volcanic and trap 
rocks will be better understood when the reader has studied, in the 
33rd chapter, what is said of the plutonic formations 

EXTERNAL FORM, STRUCTURE, AND ORIGIN OP VOLCANIC MOUNTAINS. 

The origin of volcanic cones with crater-shaped summits has bei i 
alluded to in the last chapter (p. 589.), and more fully explained in 
the “ Principles of Geology ” (chaps, xxiv. to xxvii.), where Ve- 
suvius, Etna, Santorin, and Barren Island are described. The more 
ancient portions of those mountains or islands, formed long before 
the times of history, exhibit the same external features and internal 
structure which belong to most of the extinct volcanos of still 
higher antiquity; and these last have evidently been due to a 
complicated series of operations, varied in kind according to cir- 
cumstances ; as, for example, whether the accumulation took place 
above or below the level of the sea, whether the lava issued from 
one or several contiguous vents, and, lastly, whether the rocks re- 
duced to fusion in the subterranean regions happen to have contained 
more or less silica, potash, soda, lime, iron, and other ingredients. 

We are best acquainted with the effects of eruptions above water, 
or those called subaerial or supramarine ; yet the products even of 
these are arranged in so many ways that their interpretation has 
given rise to a variety of contradictory opinions, some of which will 
have to be considered in this chapter. 

Craters and Calderas^ Sandwich Islands, — We learn from 
Mr. Dana’s valuable work on the geology of the United States* 
Exploring Expedition, published in 1849, that two of the principal 
volcanos of the Sandwich Islands, Mounts Loa and Kca in Owyhee, 
are huge flattened volcanic cones, about 14,000 feet high (see fig. 
693.), each equalling two and a half Etnas in tlieir dimensions. 

From the summits of these lofty though featureless hills, and from 
vents not far below their summits, successive streams of lava, often 
2 .miles or more in width, and sometimes 26 miles long, have flowed. 
They have been poured out one after the other, some of them in 
recent times, in every direction from the apex of the cone, down 


♦ Syst. of GeoL, vol. ii. p. 114 - 
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a Fig. 693. 



Mount Loa, in the Sandwich Islands. (Dana.) 
a. Crater at the summit. 6. The lateral rrater of Kilauea. 

The dotted lines indicate a supposed column of solid rock caused by the lava consolidating 

after eruptions. 

slopes varying on an average from 4 degrees to 8 degrees ; but in 
some places considerably steeper. Sometimes deep rents are formed 
on the sides of these conical mountains, which are afterwards filled 
from above by streams of lava passing over them, the liquid matter 
in such cases consolidating in the fissures and forming diAes. 

The lateral crater of Kilauea, fig. 693., is between 3000 and 4000 
feet above the sea-level, or about the height of Vesuvius. It is an 
immense chasm, 1000 feet deep, and its outer circuit no less than 
from two to three miles in diameter. Lava is usually seen to boil 
up at the bottom in a lake, the level of which varies continually, for 
the liquid rises and falls several hundred feet according to the 
active or quiescent state of the volcano. But instead of overflowing 
the rim of the crater, as commonly ha 2 )pens in other vents, tho 
column of melted rock, when its pressure becomes excessive, forces 
a passage through some subterranean galleries or rents leading 
towards tho sea. Mr. Coan, an American missionary, has described 
an eruption which took place in June 1840, when the lava which 
had risen high in the great chasm began to escape from it. Its 
direction was first recognised by the emission of a vivid light from 
the bottom of an ancient wooded crater, called Arare, 400 feet deep 
and 6 miles to the eastward of Kilauea. The connection of this 
light with the discharge or tapping of the great reservoir was 
proved by a change in the level of the lava in Kilauea, which sank 
gradually for three weeks, or until the eruption ceased, when the 
lake stood 400 feet lower than at the commencement of the outbreak. 
The passage, tlicrefore, of the fluid matter from Kilauea to Arare 
was underground, and it is supposed by Mr. Coan to have been at 
its first outflow 1000 feet deep below the surface. The next 
indication of the subterranean progress of tho same lava was 
observed a mile or two from Arare, where tho fiery flood broke out 
and spread itself superficially over 50 acres of land, and then again 
found its way underground for seversil miles farther towards the 
sea, to reappear at tho bottom of a second ancient and wooded 
crater, which it partly filled up. The course of the fluid then 
became again invisible for several miles, until it broke out for tho 
last time at a point ascertained by Captain Wilkes to be 1244 feet 
above the sea, and 27 miles distant from Kilauea. From thence it 
poured along for 12 miles in the open air, and then leapt over 
a cliff 50 feet high, and ran for three weeks into the sea. Its 
termination '^’as at a place about 40 miles distant from Kilauea. 
The crust of the earth overlying the subterranean course of the lava 
was often traversed by innumerable fissures, which emitted steam, 
and in some places the incumbent rocks were uplifted 20 or 30 feet. 
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Thus in the same volcano examples are afforded of the overflowing 
of lava from the summit of a cone 2^ miles high, and of the under- 
flowing of melted matter. Whether this last has formed sheets 
intercalated between the stratified products of previous eruptions, 
or whether it has penetrated through oblique or vertical fissures, 
cannot be determined. In one instance, however, for a certain 
space, it is said to have spread laterally, uplifting the incumbent 
soil. 

The annexed section of the crater of Kilauoa, as given by 
Mr. Dana, follows the line of its shorter diameter, a, 6, which is 


Fig. 694. 



Section of the crater of Ktlanoa in the Sandwich Islands. (Dana.) 

A, A. External boundaries of the chasm in thu liiip of its shortesi' diameter, 
c, t’, Jyd. Black ledge. g, h. Lake of lava. 


about 7500 feet long. The boundary cliffs, a, c and i, <?, are for the 
most part quite vertical and 650 feet high. Tliey are composed of 
compact rock in layers, not divided by scoria?, some a few inches, 
others 30 feet in thickness, and nearly horizontal. Below this, wc 
come to what is called the “ black ledge,” c, e and </, composed of 
similar stratified materials. This ledge is 342 feet in height above 
the lake of lava, g, A, which it encircles. The chasm, «, A, and its 
walls liave probably been due to a former sinking down of tho 
incumbent rocks, undermined for a space by the fusion of their 
foundations. The lower ledge, c, e and fZ, may consist in part of 
the mass which sank vertically, but part of it at least must be made 
up of layers of lava, which have been seen to pour one after tho 
other over the “black ledge.” If at any future period the heated 
fluid, ascending from the volcanic focus to the bottom of tho great 
chasm, should augment in volume, and, before it can obtain relief, 
should spread itself subterraneously, it may melt still farther the 
subjacent masses, and, causing a failure of support, may enlarge still 
more tho limits of the amphitheatre of Kilauoa. There are distinct 
signs of subsidences, from 100 to 200 feet perpendicular, which 
have occurred in the neighbourhood of Kilauea at various points, 
and they are each bounded by vertical walls. If all of them were 
united, they would constitute a sunken area equal to eight square 
miles, or twice the extent of Kilauea itself. Similar accidents are 
also likely to occur near the summit of a dome like Mount Loa, for 
tho hydrostatic pressure of the lava, after it has risen to tho edge or 
lip of the highest crater, Uy fig. 693., must be great and must create 
a tendency to lateral Assuring, in which case lava will bo injected 
into every opening, and may begin to undermine. If, then, some of 
the melted matter be drawn off by escaping at a lower level, where 
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the pressure would bo still greater, the whole top of the mountaiu. 
or a large part of it, might fall in. 

Instances of such truncations, however caused, have occurred in 
Java and in the Andes within the times of history, and to such events 
we may perhaps refer a very common feature in the configuration of 
volcanic mountains, — namely, that the present active cone of erup- 
tion is surrounded by the ruins of a larger and older cone, usually 
presenting a crescent-shaped precipice towards the newer cone. In 
volcanos long since extinct, the erosive power of running water, or, 
in certain cases, of the sea, may have greatly modified the shape of 
tlie “ atrium,” or space between the older and newer cone, and the 
cavity may thereby be prolonged downwards, and end in a ravine. 
In such cases it may be impossible to determine how much of the 
missing rocks has been removed by explosion at the time when 
the original crater was active, or how much by subsequent engulph- 
ment and denudation. 

Java, — One of the latest contributions to our knowledge of vol- 
canos will be found in Dr. Junghuhn’s work on Java, where forty- 
six conical eminences of volcanic origin, varying in elevation from 
4000 to nearly 12,000 feet above the sea, constitute the highest 
peaks of a mountain range, running through the island from east to 
west. All of tliem, with one exception, did this indefatigable traveller 
survey and map. In none of them could he discover any marine 
remains, whether adhering to their flanks or entering into their in- 
ternal structure, although strata of marine origin are met with 
nearer the sea at lower levels. Dr. Junghuhn ascribes the origin of 
each volcano to a succession of subaerial eruptions from one or more 
central vents, whence scoriae, pumice, and fragments of rock were 
thrown out, and whence have flowed streams of trachytic or basaltic 
Lava. Such overflowings have been witnessed in modern times from 
the highest summits of several of the peaks. The external slope of 
each cone is generally greatest near its apex, where the volcanic 
strata have also the steepest dip, sometimes attaining angles of 20, 
30, and 35 degrees, but becoming less and less inclined as they recede 
from the summit, until, near their base, the dip is reduced to 10 and 
often 4 or 5 degrees.* The interference of the lavas of adjoining 
volcanos sometimes produces elevated platforms, or “saddles,” in 
which the layers of rock may be very slightly inclined. At the top 
of many of the loftiest mountains the active cone and crater are 
of small size, and surrounded by a plain of ashes and sand, this 
plain being encircled in its turn by what Dr. Junghuhn calls “the 
old crater-wall,” which is often 1000 feet and more in verticsil height. 
There is sometimes a terrace of intermediate height (as in the moun- 
tain called Tcnggcr), comparable to the “black ledge” of Kilauea 
(fig. 694.). Most of the spaces thus bounded by semicircular or more 
than semicircular ranges of cliffs are vastly superior in dimensions to 

* Java, (Icszclfs gedaante, hcklecding hiilm. (German translation of 2d edit, 
en iuvendige structuur, door F. Jung- by Husskavl, Leipzig, 1852.) 
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the area of any known crater or hollow which has been observed in 
any part of the world to be occupied by a lake of liquid lava. As 
the Spaniards have given to such largo cavities the name of Caldera 
(or cauldron), it may be useful to use this term in a technical sense, 
whatever views we may entertain as to their origin. Many of them 
in Java are no less than four geographical miles in diameter, and they 
are attributed by Jungliuhn to the truncation by explosion and sub- 
sidence of ancient cones of eruption. Unfortunately, although several 
lofty cones have lost a portion of their height within the memory of 
man, neither the inhabitants of Java nor their Dutch rulers Lave 
transmitted to us any reliable accounts of the order of events which 
occurred.* 

Dr. Junghuhn believes that Papandayang lost some portion of its 
summit in 1772 ; but affirms that most of the towns on its sides said 
to have been engulphed were in reality overflowed by lava. 

From the highest parts of many Javanese calderas rivers flow, 
which in the course of ages have cut out deep valleys in the moun- 
tain’s side. As a general rule, the outer slopes of each cone are 
furrowed by straight and narrow ravines from 200 to 600 feet deep, 
radiating in all directions from the top, and increasing in number as 
we descend to lower zones. The ridges or “ ribs,” intervening be- 
tween these furrows, are very conspicuous, and compared to the 
spokes of an umbrella. In a mountain above 10,000 feet high, no 
furrows or intervening ribs are met with in the upper 300 or 400 
feet. At the height of 10,000 feet there may be no more than 10 in 
number, whereas 500 feet lower 32 of them may be counted. They 
are all ascribed to the action of running water ; and if they ever cut 
through the rim of a caldera, it is only because the cone has been 
truncated so low down as to cause the summit to intersect a middle 
region, where the torrents once exerted sufficient power to cause a 
series of such indentations. It appears from such facts, that, if a cone 
escapes destruction by explosion or engulphment, it may remain un- 
injured in its upper portion, while there is time for the excavation 
of deep ravines by lateral torrents. 

It is remarked by Dr. Junghuhn, as also by Mr. Dana in regard to 
the Pacific Islands, that volcanic mountains, however large and 
however much exposed to heavy falls of rain, support no rivers so 
long as they are in the process of growth, or while the highest 
crater emits from time to time showers of scorias and floods of lava. 
Such ejectamenta and such currents of melted rock fill up each 
superfleial inequality or depression where water might otherwise 
collect, and are moreover so porous that no rill of water, however 
small, can be generated. But where the subterranean fires have been 
long since spent, or are nearly exhausted, and where the superfleial 
scori® and lavas decompose and become covered with clayey soils, 
the erosive action of water begins to operate with 'a prodigious 
force, proportionate to the steepness of the declivities and the in- 


* See Principles of GeoL, 9th edit. p. 493. 
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coherent nature of the sand and ashes. Even the more solid lavas 
are occasionally cavernous, and almost always alternate with scorias 
and perishable tuffs, so as to be readily undermined, and most of 
them are speedily reduced to fragments of a transportable size be- 
cause they are divided by vertical joints or split into columns. 

Canary Islands — Palma. — I have enlarged so fully in the “ Prin- 
ciples of Geology” on the different views entertained by eminent 
authorities respecting the origin of volcanic cones, and the laws 
governing the flow of lava, and its consolidation, that, in order not 
to repeat here what I have elsewhere published, I shall confine 
myself in the remainder of this chapter to the description of facts 
observed by me during an exploration of Madeira and some of the 
Canary Islands in 1853-4, In these excursions, made in the winter 
of 1853-4, I was accompanied by an active fellow-labourer, M. 
Ilartung, of Konigsberg.* We visited, among other places, the 
beautiful island of Palma, a spot rendered classical by the descrip- 
tion given of it in 1825 by the late Leopold Von Buch, who regarded 
it as a type of what he called a “ crater of elevation.” 

Palma is 46 geographical miles west of Teneriffe. Seen from the 



Map of Falma, from Survey of Capt. Vidal, R.N. 


channel which divides the two 
islands, Palma appears to consist 
of two principal mountain masses, 
the depression between them 
being at the pass of Tacanda, 
or at a (map, fig. 695.), which 
is about 4600 feet above the 
sea-level. The most northern of 
these masses makes, notwith- 
standing certain irregularities 
hereafter to be mentioned, a con- 
siderable approach in general 
form to a great truncated cone, 
having in the centre a huge and 
deep cavity called by the inha- 
bitants La Caldera.” Tliis ca- 
vity (5, Cy dy Cy fig. 695.) is from 
3 to 4 geographical miles in dia- 
meter, and the range of preci- 


pices surrounding it vary from about 1500 to 2500 feet in vertical 
height. From their base a steep slope, clothed by a splendid forest 
of pines, descends for a thousand and sometimes two thousand feet 
lower, the centre of the Caldera being about 2000 feet above the sea. 
The northern half of the encircling ridge is more than 7000 English 
feet above the sea in its highest peaks, and is annually white with 
snow during the winter months. 

Externally *the flanks of this truncated cone incline outwards in 
every direction, the slopes being steepest near the crest, and lessening 


* Sec Ilartung, Geology of Madeira and Porto Santo. Lcipsig, 1864^ 
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as they approach the lower country. A great number of ravines 
commence on the flanks of the mountain, a short distance below the 
summit, shallow at first, but getting deeper as they descend, and 
becoming at the same time more numerous, as in the cones of Java 
before mentioned. 

So unbroken is the precipitous boundary-wall of the Caldera, 
except at its south-western end, where the torrent which drains it 
through a deep gorge (d, h\ fig. 696.) issues, that there is not even a 
footpath by which one can descend into it save at one place called 
the Cumbrecito (e, map, fig. 695. p. 621.). This Cumbrecito» is a 
narrow col or watershed at the height of about 2000 feet above the 
bottom of the Caldera, and 4000 above the sea, and situated at the 
precise limit of two geological formations presently to bo mentioned. 
Tliis col also occurs at the level where, in other parts of the Caldera, 
the vertical precipices join the talus-like, rocky slope, covered with 
pines. The other or principal entrance by which the Caldera is 


Fig. 696. 



Map of the CaUlrra of Palm.*! ^ithI tlic irreat ravine. calliMl “ Harranro iIp Ins Angustlas.’* From 
tha Surrey of Capt. Vidal, K. N., 1837. Seale, two geographical miles to an inch. 
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drained is the great ravine or barranca^ as it is called (see 6, ft', fig. 
696.), which extends from the south-western extremity of the Cal- 
dera to the sea, a distance of 4^ geographical miles, in which space 
the water of the torrent falls about 1500 feet. 


Fig. 697. 



View of the Isle of Palma, and of the entrance into the central cavity or Caldera. From 
Von Buch's “ Canary Island!.’* 


This sketch was taken by Von Buch from a point at sea not 
visited by us, but we saw enough to convince us that several lateral 
cones ought to have been introduced on the great slope to the left, 
besid(?s numerous deep furrows radiating from near the summit to the 
sea (see the map, fig. 696.). The sea docs not enter the great 
Barranco, as might be inferred from this sketch. 

The annexed section (fig. 698.) passes through the island from 
Santa Cruz do Palma to Bricra Point, or from south-east to north- 
west (see map, p. 621.). It has been drawn up on a true scale 
of heights and horizontal distances from the observations of 
Mr. liartung and my own. 


Fig. 698. 





Section of the Island of Faltna, from Point Briera, on the north-west, to Santa Cruz de Palma, on 
the 8outh>east. See map, flg. 695., p. 621. 

a, h. The Caldera (height of a, 6000 feet). Commencement of steeper dip. 

d. Stitita Cruz de Palma or Todote. 

e. I .nteral cone, 3940 feet above the sea ( Vidal’s Map). 

/. Bricra Point. 

g. One of several outliers of the upper formation in centre of Caldera. 

S. P. Half-buried cone and crater of Sau Pedro. 


The lav.as are seen to be slightly inclined near the sea at Santa 
Cruz, where we observed them flowing round the cone of San Pedro, 
which tliey have more than half buried without entering the crater. 
On starting from the same part of the sea-coast, and ascending the 
deep Barranojo de la Madera, we saw just below c the basaltic lavas 
dipping at an angle of 5 degrees, there being no dikes in that region. 
Farther up, whore the dikes were still scarce, the dip of the beds 
increases to 10 and 15 degrees, and they become still steeper as they 
approach the Caldera at ft, where dikes abound. 
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The section (fig. 699.) is at right angles to the preceding, and cuts 
through the cone in the direction of the great Barranco, or from 
north-east to south-west. 

The lowest of the two slanting lines, m, t, descending from the 
Caldera to the sea along the bottom of the Barranco, represents the 
present bed of the torrent ; the upper line, A, the height at which 
beds of gravel, elevated high above the present river-channel, are 
visible in detached patches, shown by dotted spaces at A, and to the 
south-west of it, on the same slope.* These, and the continuous 
stratified gravel and conglomerate lower down at I and f, are newer 
than all the volcanic rocks seen in this section. 

The upper volcanic formation, to be described in the sequel, is 
traversed by numerous dikes, which could not be expressed on this 
small scale. The vertical lines in the lower formation represent a 
few of the perpendicular dikes which abound there. • Countless 
others, inclined and tortuous, are found penetrating the same rocks. 
The five outliers of somewhat pyramidal shape, at the bottom of the 
Caldera (on each side of m\ agree in structure and composition with 
the upper formation, and may have subsided into their present 
position, if the Caldera was caused by engulphment, or may have slid 
down in the form of land-slips, if the cavity be attributed chiefiy to 
aqueous erosion. 

In the description above given of the section (fig. 699.), the cliffs 
which wall in the Caldera are spoken of as consisting of two forma- 
tions. Of these the uppermost alone gives rise to vertical precipices, 
from the base of which the lower descends in steep slopes, which, 
although they have the external aspect of taluses, are not in fact 
made up of broken materials, or of ruins detached from the higher 
rocks, but consist of rocks in place. Both formations are of volcanic 
origin, but they differ in composition and structure. In the upper, 
the beds consist of agglomerate, scorim, lapilli, and lava, chiefly 
basaltic, the whole dipping outwards, as if from the axis of the 
original cone, at angles varying from 10 to 28 degrees. The solid 
lavas do not constitute more than a fourth of the entire mass, 
and are divided into beds of very variable thickness, some scoriaceous 
and vesicular, others more compact, and even in some cases rudely 
columnar. All these more stony masses are seen to thin out and 
come to an end wherever they can be. traced horizontally for a« 
distance of half or a quarter of a mile, and usually sooner. Coarse 
breccias or agglomerates predominate in the lower part, as if the 
commencement of the second series of rocks marked an era of vio- 
lent gaseous explosions. Single beds of this aggregate of angular 
stones and scorise attain a thickness of from 200 to 300 feet. They 
arc united together by a paste of volcanic dust or spongiform scoriae. 

At one point on the right side of the great Barranco, near its 
exit from the Cfaldera, we observed in the boundary precipice a lofty 
column of amorphous and scoriaceous rock in which the red or rust- 
coloured scorim are as twisted and ropy as any to be seen on the 
slopes of Vesuvius ; seeming to imply that there was here an ancient 
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vent or channel of discharge subsequently buried under the products 
of newer eruptions. Countless dikes, more or less vertical, consisting 
chiefly of basaltic lava, traverse the walls of the Caldera, some of 
them terminating upwards, but a great number reaching the very 
crest of the ridge, and therefore having been posterior in origin to 
the whole precipice. 

We could not discover in any one of the fallen masses of agglo- 
merate which strewed the base of the clifls a single pebble or 
waterwom fragment. Each imbedded stone is either angular or, 
if globular, consists of scorise more or less spongy, and evidently not 
owing its shape to attrition. It would bo impossible to account for 
the absence of waterworn pebbles if the coarse brppcia in question 
had been spread by aqueous agency over a horizontal area co- 
extensive with the Caldera and the volcanic rocks which surround 
it. The only cause known to us capable of dispersing such heavy 
fragments, some of them 3, 4, or 6 feet in diameter, without blunting 
their edges, is the power of steam, unless indeed we could suppose 
that ice had co-operated with water in motion ; and tijo interference 
of ice cannot be suspected in this latitude (28° 40'), especially as I 
looked in vain for signs of glacial action here and in the other 
mountainous regions of the Canary Islands. 

The lower formation of the Caldera is, as before stated, equally of 
igneous origin. It difiers in its prevailing colour from tlio upper, 
exhibiting a tea-green and in parts a light yellow tint, instead of 
the usual brown, lead-coloured, or reddish hues of basalt and its 
associated scorim. Beds of a light greenish tulF are common, 
together with trachytic and greenstone rocks, the whole so reti- 
culated by dikes, somo vertical, others oblique, others tortuous, that 
we found it impossible to determine the general dip of the beds, 
although at the head of the great gorge or Barranco they certainly 
dip outwards, or to the south, as stated by Von Buch. But in 
following the section down the same ravine, where the mountain 
called Alejanado (</, figs. pp. 62I.^and 624.) is cut through, and where 
the rocks of the lower formation are very crystalline, we found what 
is not alluded to by the Prussian geologist, that the beds exposed 
to view in clifls 1500 feet high have an anticlinal arrangement, 
exhibiting first a southerly and then a northerly dip at angles 
varying from 20 to 40 degrees (see section, fig. 699. at A.), Hence wo 
may presume that the older strata must have undergone great 
movements before the upper formation was superimposed. No 
organic remains having been discovered in the older series, wo 
cannot positively decide whether it was of subaerial or submarine 
origin. We can only aflirm that it has been produced by successive 
eruptions, chiefly of felspathic lavas and tuffs. Many beds which 
probably consisted at first of soft tuffs have been much hardened by 
the contact of dikes and apparently much altered by*other plutonic 
influences, so that they have acquired a scmicrystaUine and almost 
metamorphic character. 

The existence of so great a mass of volcanic rocks of ancient date 
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on the exact site of an equally vast accumulation of comparatively 
modern lavas and scorise is peculiarly worthy of notice as a general 
phenomenon observed in very different parts of the globe. It proves 
that, notwithstanding the fact in the past history of volcanos that 
one region after another has been for ages and has then ceased to be 
the chief theatre of igneous action, still the activity of subterranean 
heat may often bo persistent for more than one geological period in 
the same place, relaxing perhaps its energies for a while, but then 
breaking out afresh with an intensity as great as ever. 

We have still to consider the mode of origin of the higher volcanic 
mass, or the upper series of rocks with which the peculiar form of 
the Caldera is more intimately connected. The principal question 
here arising is this, whether the mass was dome-shaped from the be- 
ginning, having grown by the superposition of one conical envelope 
of lava and ashes formed over another, or whether, as Yon Buch 
and his followers imagine, its component materials were first spread 
out in horizontal or nearly horizontal deposits and then upheaved at 
once into a dome-shaped mountain with a caldera in its centre. 
According to the first hypothesis the cone was built up gradually, 
and completed with all its beds dipping as now, and traversed by all 
its dikes, before the Caldera originated. According to the other, 
the Caldera was the result of the same movements which gave a 
dome-shaped structure to the mass, and which caused the beds to be 
highly inclined ; in other words, the cone and the Caldera were 
produced simultaneously. So singularly opposite are these views 
that the principal agency introduced by the one theory is upheaval, 
by the other the fall of matter from the air. The very name of 
“ Elevation Craters ” points to the kind of movement to which one 
school attributes the origin of a cone and caldera ; whereas the chief 
agencies appealed to by the other are gaseous explosions, engulph- 
ment, and aqueous denudation. 

The favourable reception of the doctrine of upheaval has arisen 
from the following circumstances. Streams of lava, it is said, 
which run down a declivity of more than three degrees are never 
stony ; and, if the slope exceed five or six degrees, they are mere 
shallow and narrow strings of vesicular or fragmentary slag. 
Whenever, therefore, we find parallel layers of stony lava, especially 
if they be of some thickness, high up in the walls of a caldera, we 
may bo sure that they were solidified originally on a very gentle 
slope ; and if they are now inclined at angles of 10®, 20®, or 30®, 
not only they, but all the interstratified beds of lapilli, scorim, tuff, 
and agglomerate, must have been at first nearly fiat and must have 
been afterwards lifted up with the solid beds into their present 
position. It is supposed that such a derangement of the strata could 
scarcely fail to give rise to a wide opening near the centre of 
upheaval, and In the case of Palma, the Caldera (which Von Buch 
called ‘‘the hollow axis of the cone’’) may represent this breach 
of continuity. 

Among other objections to the elevation-crater theory often 
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advanced and never yet ans^vered are the following : — Firsts in 
most calderas, as in Palma, the rim of the great cavity and the 
circular range of precipices surrounding it remain entire and 
unbroken on three sides, whereas it is difficult to conceive that a 
series of volcanic strata 2000 or 3000 feet thick could have once 
extended over an area six or seven miles in its shortest diameter 
and then have been upraised bodily, so that the beds should dip at 
steep angles towards all points of the compass from a centre, and 
yet that no great fractures should have been produced. We should 
expect to see some open fissures on every side, widening as they 
approach the* caldera. The dikes, it is ti*ue, do undoubtedly attest 
many dislocations of the mass, which have taken place at successive 
and often distant periods. But none of them can have belonged to 
the supposed period of terminal and paroxysmal upheaval, for, had 
the caldera existed when they originated, the melted matter now 
solidified in each dike must, Instead of filling a rent, have flowed 
down into the caldera, tending so fai* to obliterate the great cavity. 

The second objection is the impossibility of imagining that so vast 
a series of agglomerates, tufis, stratified lapilli, and highly scoria- 
ceous lavas could have been poured out within a limited area without 
soon giving rise to a hill, and eventually to a lofty mountain. Such 
heavy angular fragments as are seen in the agglomerates, single beds 
of which aro sometimes 200 or 300 feet thick, must when hurled 
into the air have fallen down again near the vent, and would be 
arranged in inclined layers dipping outwards from the central axis 
of eruption. It is in perfect accordance with this hypothesis that we 
should behold agglomerates, lapilli, and scoriae predominating in the 
walls of the Caldera ; whereas in the ravines nearer the sea, where 
the inclination of the beds has diminished to ' 10 and even to 5 
degrees, the proportion of stony as compared to fragmentary ma- 
terials is precisely reversed. It is also natural that the dikes should 
be most numerous where the ejectamenta are to the more solid beds 
in the proportion of 3 to 1, as at 5, fig. 698. p. 623. ; while the dikes 
are few in number where the stony lavas predominate (as at c, ibid.). 
Many of the scoriaceous beds at b may bo the upper extremities of 
currents which became stony and compact when they reached c, 
and flowed over a more level country; but this suggestion cannot 
be assented to by the advocates of the upheaval theory, for it assumes 
the existence of a cone long before the time had arrived for the 
catastrophe which according to their views gave rise to a conical 
mountain. 

If, however, we reject the doctrine that the beds were tilted by a 
movement posterior to the accumulation of all the compact and frag- 
mentary rocks, how are we to account for the steepness of the dip of 
some stony lavas high up in the walls of the Caldera ? These masses 
are occasionally 50 or 100 feet thick, of lenticular shape, as seen in 
the clifis from below, and to all appearance parallel to tho associated 
layers of scoriae and lapilli. But unfortunately no one can climb up 
and' determine how far the supposed parallelism may be deceptive. 



Ch. XXIX.] STONT LAVAS FORMED ON SLOPES. 629 

The solid beds extend in general over small horizontal spaces, and 
some of them may possibly be no other than intrusive lavas, in the 
nature of dikes, more or less parallel to the layers of ejectamenta. 
Such lavas, when the crater was full, may have forced their way 
between highly inclined beds of scoriae and lapilli. We know that 
lava often breaks out from the side or base of a cone, instead of 
rising to the rim of the crater. Nevertheless one or two of the stony 
masses alluded to seemed to me to resemble lavas which had flowed 
out superficially. They may have solidified on a broad ledge formed 
by the rim of a crater. Such a rim might be of considerable breadth 
after a partial truncation of the cone. And some lavas may now 
and then have entirely filled up the atriuniy or what in the case of 
Somma and Vesuvius is called the atrio del cavallo^ that is to say, 
the interspace between the old and new cone. When by the products 
of new eruptions a uniform slope has been restored, and the two cones 
have blended into one (see e, c/, c, fig., p. 638.), the next breaking down 
of the side of the mountain may display a mass of compact rock of 
great thickness in the walls of a caldera, resting upon and covered 
by ejectamenta. Other extensive wedges of solid lava will be 
formed on the fianks of every volcanic mountain by the interference 
of lateral, or, as they are often termed, parasitic cones, which check 
or stop the downward flow of lava, and occasionally offer deep craters 
into which the melted matter is poured. 

By aid of one or all the processes above enumerated we may 
certainly explain a few exceptional cases of intercalated stony beds, 
in the midst of others of a loose and scoriaceous nature, the whole 
being highly inclined. But to account for a succession of compact 
and truly parallel Is^vas having a steep dip, we may suppose that 
they flowed originally down the flanks of a cone sloping at angles 
of from 10 to 15 degrees, or even much more, as in many active 
volcanos. They may also have acquired subsequently a still steeper 
inclination, for it would be rash to assume the entire absence of 
local disturbances during the growth of a volcanic mountain. Some 
dikes are seen crossing others of a different composition, marking a 
distinctness in the periods of their origin. The volume of rock 
filling such a multitude of fissures as we see indicated by the dikes 
in Palma must be enormous ; so that, could it be withdrawn, the 
mass of ejectamenta would collapse and lose both in height and 
bulk. The injection, therefore, of all this matter in a liquid state 
must have been attended by the gradual distension of the cone, the 
increase of which I have elsewhere compared both to the exogenous 
and endogenous growth of a tree, as it has been affected alike by 
external and internal accessions. 

But the acquisition of a steeper dip by such reiterated rendings 
and injections of a cone is altogether opposed to the views of 
those who defend the upheaval hypothesis, because it draws with it 
the conclusion that the slopes were always growing steeper and steeper 
in proportion as the cone waxed older and loftier. Once admit this, 
and it follows, that the upper layers of solid lava must have con- 
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formed to surfaces already inclined at angles of 20, or, in the case of 
the Caldera of Palma, 28 degrees. 

For this reason the defenders of the upheaval hypothesis are con- 
sistent with themselves in assigning the whole movement by which 
the strata, whether solid or incoherent, have been tilted, exclusively 
to one terminal catastrophe. The whole development of subter- 
ranean force is represented as the last incident in every series of 
volcanic operations, the closing scene of the drama ; and the sudden 
and paroxysmal nature of the catastrophe is inferred from the 
absence of all signs of successive and intermittent action so cha- 
racteristic of the antecedent volcanic phenomena. 

I have alluded to an opinion entertained by some able geologists, 
that no lava can acquire any degree of solidity if it flows down a 
declivity of more than three degrees. This doctrine I have, I 
think, proved in my memoir on Mount Etna* to be entirely erro- 
neous. I have there shown, from observations made by me in 1857, 
that modern lavas, several of thbm of known date, have formed con- 
tinuous beds of compact stone on slopes of 15, 36, and 38 degrees, 
and, in the case of the lava of 1852, more than 40 degrees. The 
thickness of these tabular layers varies from 1 i foot to 26 feet ; and 
their planes of strati flcation are parallel to those of the overlying 
and underlying scoriae which form part of the same currents. 

There are some lavas north-east of Fueiicaliente, at the southern 
extremity of Palma, so modern as to be still black and uncovered 
with vegetation, which descend slopes of no less than 22 degrees, and 
yet contain large masses of compact stone, formed chiefly on the sides 
of tunnel-shaped cavities, 15 or 20 feet deep, in which one layer has 
solidified within another on the walls of these channels, while in tho 
central part the lava seems to have remained fluid so as to run 
out of the tunnel, leaving an arched cavity, the roof of which has in 
most cases fallen in. The strength of the enveloping crust of scoriae 
at the lower end of a lava-current in which one of these tunnels 
existed may have been sufficient to arrest the progress of the stream 
for liours or days, and during that time solidification may have 
occurred under great hydrostatic pressure. 

Before taking leave of Palma, we have yet to consider another 
distinct point, namely, what amount of denudation has taken place 
in the Caldera and its environs. Assuming that the great cavity or 
some part of it may have originated in the truncation of a cone in 
the manner before suggested, to what extent has its shape been sub- 
sequently enlarged or modified by aqueous erosion? It will be 
remembered that a conglomerate of well-rounded pebbles, no less 
than 800 feet thick, was spoken of »s visible in the great Barranco 
(see description of section, pp. 624, 625.). That conspicuous deposit, 
3 or 4 miles in length, was evidently derived from tlie destruction 
of rocks like those in the Caldera, for the present torrent brings 
down annually similar stones of every size, some very large, and 
rounds them by attrition in its channel. By what changes in the 

♦ Phil. Trans., 4 858. 
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configuration of the island after the old volcano and its Caldera were 
formed was so vast a thickness of gravel formed, to be afterwards 
cut*through to a depth of 800 feet ? The ravine through which 
the torrent now flows has been excavated to that depth through the 
old conglomerate. The occurrence of two or three layers of con- 
temporaneous lava, intercalated between the strata of puddingstone, 
ought not to surprise us ; for even in historical times eruptions have 
been witnessed in the southern half of Palma. Such basaltic lavas, 
one of them columnar in structure, have not come down from the 
Caldera, but from cones much nearer the sea, and immediately ad- 
joining the Barranco, like the cone of Argual (see map, p. 622.) and 
others. These lavas, of the same age as the conglomerate, consist 
of three or four currents of limited extent, for in many parts of the 
river-cliffs no volcanic formation is visible on either bank. On the 
right bank of the Barranco, the conglomerate, when traced west- 
ward, is soon found to come to an end as it abuts against the lofty 
precipice e (fig. 700.), which is a prolongation of the western wall 
of the Caldera. Its extent eastward from ^'may be more consider- 
able, but cannot be ascertained, as it is concealed under modern 
scoriae and lava spread over the great platform, f. 

Fig. 700. 

West. East. 



Ravine or B irranco dc las Ancustias, near it termination in Palma. 
b. b\ b” Conpiomerata, HOO feet thick in parts. 

r, c'. Lava intercalated iH'tweeii the beds of conglomerate. 

Another and older current of basaltic lava, columnar in parts. 

CliflT of ancient volcanic rocks ot the Upper Formation (p. 6i7.}* a prolongation of 
the western wall oi the Caldera. 

F. Platform on which the town of Argual stands. 

As we could find no organic remains in the old gravel, we have no 
positive means of deciding whether it be fiuviatile or marine. The 
height of its base above the sea, where it is 800 feet thick, may be 
about 350 feet, but patches of it ascend to elevations of 1000 and 
1500 feet near the top of the Barranco, as shown at A, &c., in section, 
fig. 699. p. 624. Such a mass of gravel, therefore, beiirs testimony 
to the removal of a prodigious amount of materials from the Caldera 
by the action of water. Whatever may have been the mode of 
transportation, it is obvious that a large portion of the volcanic 
materials, consisting of sand, lapilli, and scorias, before described 
(p. 625.) as belonging to the upper formation in the Caldera, would 
leave behind them few pebbles. Nearly all of these perishable 
deposits would be swept down in the shape of mud into the Atlantic. 
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Even the h^d rounded stones, since they were once angular and 
are now ground down into pebbles, must have lost more than half 
their original bulk, and bear witness to large quantities of .sedi- 
mentary matter consigned to the bed of the ocean. We saw in the 
Caldera blocks of huge size thrown down by cascades from the upper 
precipices during the melting of the snows, a fortnight before our 
visit, and much destruction was likewise going on in the lower set of 
rocks by the same agcucy. We also learnt that a great flood rushed 
down the Barranco in the spring of 1854, shortly before our arrival, 
damaging several houses and farms, and I have therefore no doubt 
that the erosive power even of rain and river water, aided by earth- 
quakes, might in the course of ages empty out a valley as large as the 
Caldera, although probably not of the samfe shape. I am disposed to 
attribute the circular range of cliffs surrounding the Caldera to vol- 
canic action, because they forcibly reminded me of the precipices 
encircling three sides of the Val del Bove, on Etna ; and because 
they agree so well with Junghuhn’s description of the old crater- 
walls” of active volcanos in Java, some of which equal or surpass in 
dimensions even the Caldera of Palma. The latter may have con- 
sisted at first of a true crater, enlarged afterwards into a caldera by 
the partial destruction of a great cone ; but, if so, it has certainly 
been since modified by denudation. Nor can any geologist now de- 
fine how much of the work has been accomplished by aqueous, and 
how much by volcanic agency. The phenomenon of a river cutting 
its channel through a dense mass of ancient alluvium formed during 
oscillations in the level of the land is not confined to volcanic coun- 
tries,’ and I need not dwell here on its interpretation, but refer to 
what was said in the seventh chapter. (See p. 84.) 

There remains, however, another question of high theoretical 
interest ; namely, whether the denudation was marine or fluviatile. 
It was stated that the materials of the great cone or assembhige 
of cones in the north of Palma are of subaerial origin, as proved 
by the angularity of the fragments of rock in the agglomerates ; 
but it may be asked, whether, when the Caldera was formed long 
afterwards, it may not, like the crater of St, Paul’s (fig. 702. 
p. 636.), have had a communication with the sea, which may have 
entered by the great Barranco, and if, after a period of partial 
submergence, the island may not then have risen again to its ori- 
ginal altitude. In such a case the retiring waters might leave 
behind them a conglomerate, partly of river-pebbles, collected at the 
points where the torrent successively entered the sea, and partly of 
stones rounded by the waves. The torrent may have finally cut a 
deep ravine in the gravel and associated lavas when the land was 
rising again. Such oscillations of level, amounting to more than 
2000 feet, would not be deemed improbable by any geologists, pro- 
vided they enable us to explain more naturally than by any other 
causation, the origin of the physical outlines of the country. As to 
the fact that no marine shells have yet been discovered in the 
conglomerate, sufficient search has not yet been made for them to 
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entitle us to found an argument on such negative evidence. At the 
same time 1 confess that, having found sea-shells and bryozoa 
abundantly in certain elevated marine conglomerates in the Grand 
Canary, before I visited Palma, and being unable to meet with any 
in the Barranco do las Angustias, I regarded the old gravel when I 
was on the spot as of duviatile origin. Such inferences are always 
doubtful in the absence of more positive data, and the intervention 
of the sea might perhaps account for some phenomena in the 
configuration of the Caldera and Barranco more naturally than river 
action. For example, we have the lofty cliff e, fig, 700. p. 63 1 . already 
mentioned, and map, p. 621., extending four or five miles from 
the Caldera to the sea on the right bank of the Barranco, and no 
cliff of corresponding height or structure on the other bank, where for 
miles towards the south-east there is the platform f, fig. TOO. p. 631., 
supporting several minor volcanic cones. The sea might be sup- 
posed to leave just such a cliff as e, after cutting away a portion of 
the south-western extremity of the old dome-shaped mountain in the 
north of Palma, whereas a torrent or river might be expected to 
leave a cliff of similar structure and nearly equal height on both. As 
to the fact of the old conglomerate ascending an inclined plane, 
h U P- 624., from the sea-level to an elevation of about 1500 feet, 
near the entrance of the Caldera, this is by no means conclusive in 
favour of fluviatile action, although some elevated patches of the 
same may in truth belong to an old river-bed ; but in South America 
gravel-beds of marine origin have a similar upward slope, when 
followed inland, and the cause of such an arrangement has been 
explained in a satisfactory manner by Mr. Darwin.* 

Another argument in favour of marine denudation may be derived 
from that peculiar feature in the configuration of Palma, before 
alluded to, called the pass of the Cumbrecito (c, fig. 699. p. 624.), 
forming a notch in the uppermost line of precipices surrounding 
the Caldera. This break divides the mountain called Alejenado, rf, 
fig., p. 624., from the eastern wall, c /, and cuts quite through the 
uj)per formation ; yet the range of precipice, /, c, pn the eastern side 
of the Caldera is continued uninteiTuptedly, and retains its full height 
of 1500 or 2000 feet above its base, to the southward of the Cura- 
brccito, or from e towards a, map, fig, 695., p. 621. In this prolon- 
gation of the cliff for half a mile southward, beds of volcanic matter 
and dikes are seen, as in the walls of the Caldera. 

The indentation forming the pass of the Cumbrecito, e, p. 624., has 
more the appearance of an old channel, such as a cun*ent of water 
may have excavated, than of a rent or a chasm caused by a fault. In 
case of a fault the lower formation would not be persistent and unin- 
terrupted across the Cumbrecito, constituting the watershed ; but 
would have sunk down and have been replaced by the upper basaltic 
rocks. If we could assume that the sea once entered the Caldera 
here as well as by the great Barranco, it might have produced such 


* Qeolog. Obsenr., South America, p. 43. 
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a breach as e, and such an extension of the line of cliffs as that now 
observable between e and a, map, p. 621., without any corresponding 
cliff to the westward of e, a. 

Yet we could discover no elevated outliers of conglomerate to 
attest the supposed erosion at the Cumbrecito, which is about 3500 
feet above the level of the sea. It might 'also be objected to the 
hypothesis of marine denudation in Palma, that there are no ranges 
of ancient sea-cliffs on the external slopes of the island. The flanks 
of the mountain, except where it is furrowed by ravines or broken 
by lateral cones, descend to the sea with a uniform inclination. In 
reply to such a remark, I may observe that we do not require the 
submergence of the uppermost 3000 feet of the old cone in order to 
allow the sea to enter both the great Barranco and the Cumbrecito 
and to flow into the Caldera. It would be enough to suppose the land 
to sink down so as to permit the waves to wash the base of the basaltic 
cliffs in the interior of the Caldera, and to wear a passage through 
the Cumbrecito where there may have been always a considerable 
depression in the outline of the upper formation. But would not 
the same waves which had power to form in the Barranco a mass of 
conglomerate 800 feet thick have left memorials of their beach- 
action on the external slope of the island ? No such monuments are 
to be seen, and their absence raises an objection of no small weight 
against the supposition of the sea having ever entered the Caldera. 
It may, however, be said, in explanation, — first, that cliffs are not 
so easily cut on the side of an island towards which the beds dip 
as on the side from which they dip ; secondly, if some small cliffs 
and sea-beaches had existed, they may have been subsequently 
buried under showers of ashes and currents of lava proceeding 
from lateral cones during eruptions of the same date as those which 
were certainly contemporaneous with the conglomerate of the great 
Barranco. 

On the eastern coast of Palma, about half a mile from the sea, 
in tlie ravine of Las Nieves, not far from Santa Cruz, we observed 
a conglomerate of* well-rounded pebbles having a thickness of 100 
feet, covered by successive beds of lava, also about 100 feet thick. 
In this instance the ancient gravel bods occupy a position very 
analogous to the buried cone, 8, P, fig. 698. p. 623. When in Palma, 
I conceived them to be of fluviatile origin ; but, whether marine or 
freshwater, it must be admitted that the superposition of so dense 
an accumulation of lavas to a mass of conglomerate 100 feet thick 
shows how easily the outer slopes of the island may have been 
denuded by the sea and yet display no superficial signs of marine 
denudation, every old beach or delta once at the mouth of a torrent 
being concealed under newer volcanic outpourings. ^ At the same 
time I should state that M. Hartung and I, when in Palma, came 
to the conclusion that the waves of the sea had never reached the 
Caldera, although they may have penetrated for some distance into 
the Barranco de las Angustias, and may have overflowed the space 
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now overspread by certain strata of conglomerate to the east of 
tlie Barranco. 

Since the cessation of volcanic action in the north of Palma, the 
most frequent eruptions appear to have taken place in a line running 
north and south, from a to Fuencaliente, map, p. 621.; one of the 
volcanos in this range, called Verigojo, being no less than 6o65 
English feet high. The lavas descending from several vents in this 
chain reach the sea both on the east and west coast, and are many 
of them nearly as naked and barren of vegetation as when they first 
flowed. The tendency in volcanic vents to assume a linear ar- 
rangement, as seen in the volcanos of the Andes and Java on a 
grand scale, is exemplified by the cones and craters of this small 
range in Palma. It has been conjectured that such linearity in the 
direction of superficial outbreaks is connected with deep fissures in 
the earth's crust communicating with a subjacent focus of subter- 
ranean heat. 

By discussing at so much length the question whether the sea 
may or may not have played an important part in enlarging the 


Fig. 701. 



Caldera of Palma, I have been desirous at least to show how many 
facts and observations are required to explain the structure and 
configuration of such volcanic islands. It may be useful to cite, in 
illustration of the same subject, the present geographical condition 
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o{ St. TauVa or Amaterdam Island, in the Indian Ocean, midway 
between the Cape of Good Hope and Australia. 

In this case the crater is only a mile in diameter, and 180 feet 
deep, and the surrounding cliffs were loftiest about 800 feet high, 
SO that in regard to size such a cone and crater are insignificant 
when compared to the cone and Caldera of Palma or to such Tolcanic 
domes as Mounts Loa and Kea in the Sandwich Islands. But the 
Island of St. Paul exemplifies a class of insulaf volcanos into which 
the ocean now enters by a single passage. Every crater must 


Fig. 702. 



View of the Crater of the Island of St. Paul. 


Fig. 703. 



Side view of the Island of St. Paul (N E. vide). Nine-pin Hocks two miles distant. 
(Captain Blackwood.) 


almost invariably have one side much lower than all the others, 
namely, that side towards which the prevailing winds never blow, 
and to which, therefore, showers of dust and scorise are rarely 
carried during eruptions. There will also be one point on this 
windward or lowest side more depressed than all the rest, by which, 
in the event of a partial submergence, the sea may enter as oft(?n as 
the tide rises, or as often as the wind blows from that quarter. For 
the same reason that the sea continues to keep open a single 
entrance into the lagoon of an atoll or annular coral reef, it will not 
allow this passage into the crater to be stopped up, but will scour it 
out at low tide, or as often as the wind changes, l^he channel, 
therefore, will always be deepened in proportion as the island rises 
above the level of the sea, at the rate perhaps of a few feet or yards 
in a century. 

. The crater of Vesuvius in 1822 was 2000 feet deep ; and, if it 
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were a half-submerged cone like St. Paul, the excavating power of 
the ocean might, in conjunction with a gradual upheaving force, givo 
rise to a large caldera. Wliatever, therefore, may have been the 
nature of the forces, igneous or aqueous, which have shaped out the 
Val del Bove on Etna, or the deep abyss called the Caldera in the 
north of Palma, we may well coiiceivi* that some craters may have 
been enlarged into calderas by the denuding power of the ocean, 
whenever considerable oscillations in the relative level of land and 
sea have occurred. 

Peak of Teneriffe . — The accempanying view of the Peak, taken 
from sketches made bv M. llartung and myself during our visit to 
Teneriffe in 1854, will show the manner in which that lofty cone is 
encircled on more than two sides by wliat I consider as the ruins of 
an older cone, chiefly formed by eruptions from a summit which has 
disappeared. That ancient culminating point from wdiich one or 
more craters probably poured forth their lavas and ejoctamenta may 
not have been placed precisely where the present p«*ak now rises, 
and may not have had the same form, but its position was probably 
not materially different. The great wall or semicircular range of 
precipices, c, c, surrounding the atrium, A, />, is obviously analogous 
to the walls of a Caldera like that of Palma ; but liere the dills aro 
insigiiiflcant in dimensions when compared to tliosc in Palma, being 
in general no more than 500 feet high and rarely exceeding 1(X)0 
feet. The plain or atrium, 5, 5, figs. 704. and 705., lying at the base 
of the cliffs, is here called Las Canadas, and is covered with sand and 
pumice thrown out from the Peak or from ernlers on its flanks. 
Copious streams of lava, d dy have also flowed down from lateral 
ojienings, especially from a crater called the Cliahorra, fig. 705., 
w hich is not .seen in the view', fig. 704., as it is hidden by the Peak. 
The last eruption was as late as llieyear 1798. 

Fig. 705. 
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S«ctioii tlironjrh p^rt of ToneriffW, from N'.K. t * S. \V. On a true »c.ile ; as n iii 
Von Uuch'ft ** Canary Islands.'* 
a Peak of Teneriffe. rf. modern lavas. 

b. th** Cao.'idas or airliim. /. cooe and crater of Chaliorra. 

c. cliff bcuitiliiig the atrium. 

To what extent the lavas, d d, figs. 704. and 705., may have nar- 
row^ed the circus or atrium, 5, or taken away from the height of 
the cliff, r.y no geologi.st can determine for want of sections ; but 
should the Peak and the Cliahorra continue to be active volcanos for 
ages, the new cone, «, might become united with the ol^ one, and the 
Java might flow first from e to c, and then from a to e, fig. 705., so 
that the slope might begin to resemble that formed by lavas and 
ejectamenU from the summit a to Guia, on the south-western side 
of the cone. 
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Madeira , — Every volcanic island, m far as I have examined them, 
varieH from every other one in the details of its geographical and 
geological ntructorc so greatly that I have no expectation of finding 
any Bimj)le liypothesin, like that of** elevation craters/' applicable to 
all, or capable of explaining their origin and mode of growth. Few 
islands, for example, resemble each other more than Madeira and 
Palina, inasmuch ns both consist mainly of basaltic rocks of sub- 
aerial origin, but, when wo compare them closely together, there is 
no end to the jK>ints in which they differ. 

The oldest formation known in Madeira is of submarine volcanic 
origin, and referable to the Upper Miocene tertiary epoch, as will be 
explained in Chap. XXXI., p. 607. To this formation belong the 
tuffs and limestones containing marine shells and corals which occur 
at S. Vicente on the northern coast, where they rise to the height 
of more than 1300 feet above the .«ea. They bear testimony to an 
upheaval to that amount, at least, since the commencement of volcanic 
action in those parts. 

I'he pebbles in thi'se marine beds arc well rounded and polished, 
strongly contrasting in that respect with the angular fragments of 
similar varieties of volcanic rocks so frequent in the superimposed 
tuffs and agglomerates formed above the level of tlie sea. 

The length of Madeira from east to west is about 30 miles, its 
greatest breadth from north to south being 12 miles. The annexed 
section, fig. 705., drawn up on a true scale of heights and horizontal 
distances from the observations of M. llartung and myself, will 
enable the reader to comprehend some of the points in w’hicb, 
geologically considered, Madeira resembles or varies from Palma. 
In the central region, at a, a.s well as in the adjoining region on 
each side of it, are seen, as in the centre of Palma, a great number 
of dikes penetrating through a vast accumulation of ejectamenta, c. 
Here also, as in Palma, we observe as we recede from the centre, 
that the dikes decrease in number, and beds of scoria?, lapilli, 
agglomerate, and tuff begin to alternate with stony lavas, d d, until 
at tlie distance of a mile or more from the central axis the volcanic 
mass, below f h and e. consists almost exclusively of streams or 
slu?ets of basalt, w’ith many red partings of laterite or red ochreous 
clay. These red bands vary in thickness from a few inches to two 
or three feet, and consist sometimes of layers of tuff, sometimes of 
ancient soils derived from decomposed lava, b^h of them burnt to a 
brick -red colour, and altered by the contact or melted matter w’hich 
has tlowed over them. Some of these bands are represented in fig. 

706. by interrupted lines, . The darker divisions with vertical 

cross-bars indicate lavas which originally (lowed on the sur- 

face. Had there been room, mauy more alternations of such lavas 
would have bci?n introduced. They consist chiefly of basalts more 
or less vesicular, and in some places of trachyte. The lighter tint, 
c, expresses an accumulation of scorise, agglomerate, and other ma- 
terials, such as may have been piled up in the open air, in or around 
the chief orifices of eruption, and between volcanic cones. This 
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older formation, though represented by an uniform tint, is by no 
means an amorphous mass, but is separated into iiinumerablo layers 
which dip towards all points of the compass, so that their mode of 
arrangement could not be expressed in a small diagram. 

The Pico Torres, a, more than 6000 feet high, is one of many 
central peaks, composed of ejected materials. By the union of the 
foundations of many similar peaks, ridges or mountain crests are 
formed, from which the tops of vertical dikes project like turrets 
above the weathered surface of the softer beds of tuff* and scoriie. 
Hence the broken and picturesque outline, giving a singular and 
romantic character to the scenery of the highest part of Madeira. 
North of A is seen Pico Ruivo (n), the most elevated peak in the 
island, yet exceeding by a few feet only the height of Pico Torres. 
It is similar in composition, but its uppermost part, 3(X) feet high, 
retains a more perfectly conical form, and has a dike of basalt with 
olivene at its summit, with streams of scoriaceous lava adhering 
to its steep flanks. There are a great many such peaks east and 
west of A, >vhich seem to be the ruins of cones of eruption, the 
materials of some at least having been arraiige<l with a qua-qua- 
versal dip. Among these is Pico Grande, c, fig. 708., now half- 
buried under more modem lavas which have flowed round it. 

It will be seen that the beds of lava in the central region between 
e and /(flg. 706. p. 641.) are nearly horizontal, or have a dip of no 
more than from three to five degrees, whereas tins angle of slope of 
the beds between / and h is often seventeen degrees on the southern 
flank, and usually as much as ten on the nortliern, or hetw(*en e and 
g. The moderate inclination of the lavas between B, A, and R has 
been caused by the juxta-position of a multitude of cone.s which 
have prevented the streams of melted matter from flowing freely 
from the main axis or lava-shed towards the sea, whether in a north 
or south direction. Tlie marked prolongation of this gentle slope 
on both sides of R, and from R to may be attributed to the fact 
that below f there is a very ancient ridge of erupted materials, c, 
which has formed a barrier intercepting the free passage of the 
central lavas to the sea. Between this secondary buried chain 
above c or below/, and the higher central chain of scorire below A, 
the valley or cavity, d was filled up with horizontal beds of lava, 
over which an enormous mass of other sheets of basalt and deposits 
of tuff, from c/ to R a||f(l from R to / were afterwards accumulated, 
until at last an aggregate thickness of 3500 feet of stratified 
materials was formed. Sections of this vast accumulation are ex- 
posed to view in nearly vertical precipices in the deep valley called 
the Curral. But when the lavas had surmounted the ancient ridge 
below fy and were no more ob.structed in their seaward course, they 
flowed with a steep inclination, often at an angle bf 17 degrees 
towards the south. Nearer the sea, as at t and L on both sides of 
the island, where the most modern lavas occur, the dip diminishes to 
5 degrees, and even to 3^, as at k, near Funchal. In this latter 
characteristic (the smaller inclinaiiun of the lavas near the sea, and 



.SECTION OF MADEIRA FROM NORTH TO SOUTH, OR FROM POINT S. JORGE TO POINT DA CRUZ, NEAR FUNCHAL. 


Cu. XXIX.] 


SECTION OF MADEIRA. 


641 



ttful fur want uf space a few only arc inlrcHlutcil into tlie diagram. 
Scuriarroiis furmation niaikoil <* and d»**cril>cil p fJiW 
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thoir association there with modern cones of eruption, such as 
M, N, o,). there is a strict analogy l)otween Madeira and Palma. 
Distinct buried cones of eruption also occur at many points, as at 
p and qy fig. 706., which have been uverwhelraed by lavas flowing 
from the central region. 

As a general rule, the lavas of Madeira, whether vesicular or com- 
j)act, do not constitute continuous sheets paralhd to each other. 
When viewed in the sea-clifls in sections transverse to the direction 
in which they flowed, they vary greatly in thickness, even if 
followed for a few hundred feet or yards, and they usually thin out 
entirely in less than a quarter of a mile In the ravines which 
radiate from the centre of the island, the beds are more persistent, 
but even here they usually are seen to terminate, if followed for a 
few miles ; their thickness also being v^y variable, and sometimes 
increasing suddenly from a few feet to many yards. 

We saw no remains of fossil plants in any of the red partings or 
laterites almve alluded to; but Mr. Smith, of Jordanhill, was more 
fortunate in 1840, having met with the carbonized branches ami 
l oots of shrubs in some red clays under basalt near Funchal. Never- 
theless, M. llartung and I obtained satisfactory evidence in the 
northern part of the island, in the ravine of S. Jorge, of the former 
existence of terrestrial vegetation, and consequently of the siihaerial 
origin of a large portion of the lavas of Madeira. At q in the section 
(fig. 706.) the occurrence of a bod of impure lignite, covered by basalt, 
liiid long been known. Associated with it, we ob.<erved several layers 
of tuff and clay or hardened inml, in one of which leaves of dicoty- 
ledonous plants and of ferns abound. Sir Charh^s J. F. llnnbury, 
who was with me in Madeira during the winter of lHo,V4, at once 
pronounced one of the fo-^il ferns to agree in its peculiar vernation 
with IVoodwardia radicfifis, a species now common in Madeira; 
and he afterwards discovered the coinnio'n Madeira fern, JJavaUin 
CanariensiSy and a Nephrodiumy and other ferns among the fossil 
remains. lie also pointed out that, among tlie dicotyh*doiions l<‘avcs, 
some were of the myrtle family, the larger proportion having their 
surfaecs smooth and uiiwriiikled. wdtli a somewhat rigid and cori- 
aceous texture, and with undivided or entire margins. “ The'«e 
eliaracter.s,'* observed Sir C. Bunbury, “belong to the huind-type, 
and indicate a certain analogy between the ancient vegetable rc- 
•iiiains and the modem fore.sts of Madeira, in which laurels and 
other evergreen.s abound, with glossy coriaceous and eiitire-edg«*d 
leaves, while below them there is an undergrowth of ferns and 
various other plants.” * 

Professor Ileer, of Ziirieh, has .since published (I8Jd) an necount 
of some additional fossils collected by M. Ilnrtung from the luff of 
San Jorge, enumerating twenty-seven forms, referable to ferns and 
:|>lienogamous plants, moat of them agreeing with species now 
inhabiting Madeira, such as Pterh aquilinoy Irichomanes radicanSy 


Bunbury, Quart. Gcol. Jotim., 1S04, vol x. p. 
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ike., midlcaves like those of Osmuuda regalis Ci ), no longer found in 
the islurul. Among the dicotyledonous plants the Professor describes 
Mifrica Faijn^ Orvodaphne Erica arhorea, &c., also a few 

gifiiera, siicli as Corylus and now foreign to Madeira. The 

botanical detcfniiiiatious botli of Prof. Ileer and Sir C. Bunbury 
would lead us to refer the Icaf-licd to a period as modern as the 
NewtT Pliocene, if not the Post-pliocene.* 

I'he lignite above mentioned and the leafd>ed occur at the height 
of KHK) feet above the level of the sea, and arc overlaid by super- 
imposed basalts and scoriic, 1100 feet thick, implying the e.xislence 
of an ancient terrestrial vegetation long before a large part of 
Madeira had been built up. The nature of the tutfs accompanying 
the lignite, together with some agglomerates in the vicinity, entith'" 
us to presume that near lliis spot a series of eruptions once broke* 
out. Nor is it improbable that there may have been Jiere the crater 
of M)me lateral cone in which the lignite and leaf-bed accumulated ; 
for, altliougii craters are remarkably rare in Madeira, when we 
(‘niisidiu* how great is the number of cones of eruption, yet on the 
mountain called Lagoa, miles west of Machico, a crater as perfect 
as that of Astroni near Naples may be seen. 

At the hottoui of this eircular cavity (fig. 707.), which is about 
loO feet deep, is a plain about 500 feet in diameter, having a pond 
in the middle, towards which the plain slopes gently from all sides. 
Sueli ponds are often seen in tlie interior of extinct craters, hlxcept 
in the middle it is shallow, and .supports aquatic plants. Many 
leaves inu'it al>o he IjJown into it from the surrounding heights 
wIhmi liigli winds prevail, so tliat a mass of peaty matter coiiveriiMe 
into lignite may collect here. 


Fip 7 * 7 . 



(’ratrr of I.jigoA, 3| mil^s wnt of .Machiro, Madfira. 


In this rut, fiikcn fnuii n sketch of my own. the ileptli of the crater may ap|H^ar 
too ^;rcm, unless it is borne in mind that there are no trees visible, and most of ilu- 
bushes lire of itic Miidcini whortle-bcrry (Vnccinium MatieirrnseX five or six feei 
bi}*h. Iinniediiiudy behind the foreground an artificial mound is seen thrown up 
as a fence. 

* llecr, Sk'hwci/.. Gcsellscliiift fur Natiinvissonschaften, Band XV. 
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Had streams of lava descending from greater heights entered this 
Lagon crater, they would have formed dense masses of compact rock 
cooling slowly under gt^eat pressure, like those now incumbent on 
the impui'e lignite of S. Jorge. Th^ dip of the latter cannot be 
clearly determined, since it is exposed to view for too short a dis- 
tance; and the same may be said of the leaf-bed, part of which may 
be traced lower down the ravine. It seems, however, to dip to the 
north or towards the sea conformably with the general inclinaticm 
of the basaltic and tufaceous strata. 

A deep valley, called the Curral (b, fig. 708.), sun*oundcd by 
precipices from loOO to 2500 feet high, and by peaks of still greater 
elevation, occurs in the middle of Madeira. It has been compared 
by some to a crater or caldera, for its upper portion is situated in 
the region where dikes and ejectanienta alH>und. The Curral, how- 
ever, extends, without diminishing in depth, to below the region of 
niimei-ous dikes, and it lays open to view all tlie beds u, s, fig. 706. 
Nor do the volcanic masses dip away in all directions fr(»m the Curral, 
as from a central point, or from the hollow axis of a cone. The 
Curral is in fact one only of three great valleys which ladiate fiom 
tlie most mountainous district, a second depression, called the Sena 
d'Agoa (i), fig. 708.), being almost ns deep. This cavity is abo 
drained by a river flowing to the south ; while a third valley, naineh , 
that^)f the Janella, sends its waters to the north. The section alluded 
to (fig. 70S.\ passing through part of the axis of the island in an east 
and west direction, shows how the Curral and Sen a d’Agoa, it and n, 


"e'lt. Fig. I S. 



through the erntrat region of Madeira, from Halt to Weit. 

A. Part of the piatform, called Ih*.* Paul d.i Serra. II. Curral ; a v.illey, ;|IWH) ffi-t deep 
(, Pico Grande. II. 'I he valley ol the Serra d’Agoa. 

* 

are separated by a narrow and lofty ridge, c, part of which is 
surmounted by the I'ico Grande, before mentioned, nearly o-HK) fet*t 
high. There is no essential diffi^rence betw(.‘en the shape of these 
three great valleys and many of those in the Alps ami Pyrenees 
w'fiere the valley -making process can have had no connection with 
any superficial volcanic action. 

In the Alps, no dodht, as in other lofty chains, the formation of 
valleys has lieen greatly aided by subterranean movements, both 
gradual and violent, and by the dislocation of rocks. The same may 
true of Madeira and of almost every lofty volcanic region ; but, 
wh(‘U we reflect that the central heights a and ii, fig. 7t)(3., are more 
than 6000 feet above the sea, ami that the waters flowing from them, 
swollen by melted snows, reach the sea by a cour.so of not iniieh 
more than 6 miles in the case of those draining the Curral, and by 
nearly as abort a route in the Serra d’Agoa, we shall be prepared 
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lor almost any amount of denudation ctTected simply by subacrial 
erosion. 

Tlic general absence of water-worn pebbles in the tuffs underlying 
the Madeira lifvas is very striking, and contrasts with the frequent 
occurrence of gravel-beds under so many of the Auvergne lavas. It 
dimply proves that Madeira, like the volcanic mountains of Java, or 
like Mount Etna or Mona Loa in the Sandwich Islands, could not, 
so long as eruptions were frequent, and while the porous lavas 
absorbed all the rain-water, support a single torrent on its slo]>es.* 
The period, t)icr#fore, of iluviatile erosion must have been almost 
entirely subsequent in date to the formation of the central nucleus 
of ejectamentii, c, fig., p. 641., and of the lavas rf, ibid. When we 
infer that these were of supramarine origin as far down as the 
line />, s, ty and perhaps lower, it follows tliat a lofty island, 4000 
feet or more in height, must have resulted, even if no upheaval had 
ever occurred. 

The movements which upraised tlie marine deposits of San Vicente 
may or may not have extended over a wide area. How far, when 
they occurred, they modified the form of the island, or added to its 
lieiglit, is a fair subj(‘ct of speculation ; and whether the steep dip 
<»f tlie lavas seen in the ravines intersecting the slopes of the moun- 
tain, f h, and e g (fig. 706., p. 641.), may be ascribable in part to 
suoli movements. The lavas of more modern datd*, near Funthal, 
may be imagined to remain comparatively horizontal, because they 
liave escaped the infiuqnce of disturbing forces to 'wliich the older 
nucleus was exposed. Without discussing this point (so fully treated 
of ill reference to Palma), I may observe that unquestionably dif- 
ferent parts of J^ladeira have been formed in succession. Near 
Porto da Cruz, for example, on the northern coast, trachytes of a 
gr(‘y and yellow, and trachytic luffs almost of a white colour, in 
slightly inclined or almost horizontal bed.<, have partially filled up 
deep valleys previously excavated through the older and inclined 
basaltie rocks (dipping at an angle of UP to the north), under which 
the leaf-bed and lignite before mentioned, fig. TtXi., p. 641., lie 
buried. During the convulsions which accompanied the outpouring 
of every newer series of lavas the older rocks may have been more 
or less disturbed and tilted, without destroying the general form of 
the old dome-shaped inountaiii supposed by us to have been the 
result of repeated eruptions from the central vents. 

The locality just referred to of Porto da Cruz exemplifies not 
only the long intervals of time which separated the outflowing of 
distinct sets of lavas, but also the precedence of the basaltic to 
the trachytic outpourings. So also on the southern slope of Madeira, 
we observed between the Jardim and Pico Bode-s situated in a 
direct line at)out 6 miles north-west of Funchal, a well-marketl 
series of trachytic rocks of considerable thickness occupying the 


^ Sec remarks on Kina, Lyclfi Prluc'plci of Geology, ch.ip. xxv. (9:h tsJ.. 
p. 405.), 
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Ikighcst geological position. They consist of white nnd grey tra- 
chytes, occurring at points varying from 2o00 to 3o00 feet above 
the sea. Their position may be understood by supposing them to 
constitute the uppermost beds represented at h in the section 
(rig. 706. p. 641.), and on the slope above h. The doctrine, there- 
fore, that in each series of volcanic eruptioiie the trachytic lavas 
flow out first, and after them the basaltic (see p. 6.>0.), is by no 
means borne out in Madeira, although some of the newest currents, 
like those at the foot of the cones m, n, o (tig. TCHh), are basaltic. 

Several of the latest and most powerful streaftis of lava wliicb 
have issued from the central axis of ^Madeira are composed of a 
felspathic rock of a mixed character, on the whole more trachyti<r 
than basaltic. It divides into spheroidal inassOvS, often several feet 
ill diameter, which are very conspicuous when the contained iron has 
become more highly oxidated. M. Delesse, who had the kindne.'^s 
to analvze for me several of our specimens, found certain varieties 
of this rock to be without augite, and simply a mixture of blackish 
green fel*<par with olivine. These would, according to him, b<* 
< lassed by most of the French geologists under the general d(*signa- 
tion of basalt. Whatever name we assign to this product it indi- 
cates a change in the mineral nature of the materials last emitted 
from the central axis. Where the island is narrow tliis spheroitlal 
trap oft**n reacRes the sea, but in the broadest and loftiest part of 
Madeira it forms a superficial envelope, which extends for a certain 
distance only from (lie central height.**, as, for example, to near <> 
( tig. TDti. p. 641. ). Hence, near F uiielial, we must ascend to a lieiglit 
of IKX) or 12(K) feet before we meet with this felspathic formation, 
flic lower grounds along the coast being occupied by true ba^alt^, 
which u»"ver exhibit a spheroidal structure. 

Among utlier contrasts of eharueter in the superficial voleanii* 
formations of Madeira. I may remark that many of the central 
peak>, s-iich as a, fig. 706., seem to be the mere skeletons of eoiie.- 
( f eruption, whereas other cones of like origin, such as .M, n, o, met 
witli at lower levels and nearer the sea, are more regular, and ha\e 
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huch uccuinulations of loose ejected materials, have been exposed 
from the first to greater waste in regions where the snows melt 
suddenly, and where the winds are most violent. A dense covering 
of turf and shrubs, the most effective of all preservatives against 
]>luvial degradation, cannot readily be formed in such mountaiuoua 
and stormy regions. ^ 

Some few lavas in Madeira have a singularly recent aspect as 
compared to others which are covered with a considerable depth of 
v(‘getable soil. I allude particularly to the lava currents near Port 
Moniz, one of which is as rough and bristling as are some streams 
biilon; alluded to in Palma (p. 6do.) of historical date. I am in- 
d(d)ted to iM. llartung for the annexed drawing of lava at Port 
Moniz, which I did not visit myself. It is traversed by a channel, 
//, like one of those already described, p. 630. For how long a period 
.such characters may be retained is uncertain, so much does this 
depend on the mineral composition of the rock. Some of the lavas 
of Auvergne, of prehistorical date and certainly of high antiquity, 
are almost as rugged ; so that this freshness of aspect is oidy a 
j)robable indication of a relatively modern origin. 
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CHAPTER XXX. * 

ON THE DIFFEKENT AGES OF THE VOLCANIC ROCKS. 

Tests of relative age of volcanic rocks — Tests by superposition and intrusion — 
Test by alicration of rocks in contact - Test by organic remains — Test of age 
by mineral character — Test by included fragments —Volcanic rocks of the l*ost- 
Pliocene period — Basalt of the Bay of Trezza in Sicily — I*ost- Pliocene volcanic 
rocks near Naples-^ Dikes of Soinmo. 

Having referred the sedimentary strata to a long succession of 
geological periods, we have now to consider how far the volcanic 
formations can be classed in a similar chronological order. The 
te.^ts of relative age in this class of rocks are four : — 1st, super- 
position and intrusion, with or without alteration of the rocks in 
ci)ntact ; 2nd, organic remains ; 3rd, mineral characters ; 4th, in- 
cluded fragments of older rocks. 

Tests bt/ superposition^ S^c . — If a volcanic rock rest upon an 
aqueous deposit, the former must be the newest of the two; but the 
like rule does not hold good w'here the acpieous formation rests 
upon the volcanic, for melted matter, rising from below, imiy pene- 
trate a sedimentary mass without reaching the surface, or may be 
turced in conformably between two strata, as b at i) in the annc?xed 
figure (fig. 710.), after which it may cool down and consolidate. 


Fig 710. 



Superposition, therefore, is not of the same value as a test of age in 
the uiistrati6ed volcanic rocks ns in fossiliferous fonnatioii.s. 
can only rely implicitly on this test where the volcanic rocks art* 
(*ontemporaneou.s ntt where they are intrusive. Now, they are saitl 
to be contemporaneous if produced by volcanic action which was 
going on simultaneously with the deposition of the strata with which 
they are associated. Thus in the section at v (lig. 710.), we may 
perhaps ascertain that the trap b flowed over the fossiliferous bed c, 
and that, after its consolidation, a was deposited upon it, a and c 
both belonging to the same geological period. Rut if the stratum 
a be altered by b at the point of contact, we roust then coii- 
<‘lude the trap to have been intrusive, or if, in pursuing b for some 
distance, we find at length that it cuts through tho stratum o, ami 
then overlies it as at £• 
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Wo may, however, be easily deceived in supposing the volcanic 
rock to be intrusive, when in reality it is contemporaneous; for a 
sheet of lava, as it spreads over the bottom of the sea, cannot rest 
everywhere upon the same stratum, either because these have been 
denuded, or because, if newly thrown down, they thin out in certain 
places, thus allowing the lava to cross their edges. Besides the 
heavy igneous fluid will often, as it moves along, cut a channel into 
beds of soft mud and sand. Suppose the 
submarine lava p (tig. 711.) to have 
come in contact in this manner with 
the strata, a, 6, c, and that after its 
consolidation the strata dy e, are thrown 
down in a nearly horizontal position, 
yet so as to lie uiicoufornmbly to r, the 
appearance of subsequent intrusion will 
here bo complete, although the trap is in fact contom[)oraneous. 

e must not, therefore, hastily infer that the rock F is intrusive, 
unless we find the strata c/, e, or c, to have been altered at their 
junction, as if by heat. • 

Ihe test of age by superposition is strictly applicable to all stra- 
tified volcanic tulfs, according to the rules already explained in the 
ease of other sedimentary deposits (see p. 97.). 

Test oj age bg organic remains We have seen how, in the* 

vicinity of active volcanos, scoriie, jtuniice, fine sand, and fragments 
ot rock are thrown up into the air, and then showered down upon the 
hind, or into neighbouring lakes or seas. In the tuffs so formed 
shells, corals, or any other durable organic bodies which may happen 
to be strewed%ver the bottom of a lake or sea will be embedded, and 
thus continue as permanent memorials of the geological f>eriod when 
tlie volcanic eruption occurred. Tufaceous strata thus formed in the 
neighbourhood of Vesuvius, Etna, Stroniboli, and other volcanos now 
active in islands or near the sea, may give information of the relative 
age of these tufts at some remote future ixjriod when the fires of thesq 
mountains are extinguished. By evidence of this kind we can es- 
tablisli n coincidence in ago between volcanic rocks and the dif- 
fiu'cnt primary, secondary, and tertiary fossiliferous strata. 

The tutfs alluded to may not always be marine, but may include, 
in some places, freshwater shells ; in others, the bones of terrestrial 
<iuadrupeds. The diversity of organic remains in formations of this 
nature is perfectly intelligible, if we reflect on the wide dispersion of 
ejected matter during late eruptions, such as that of the volcano of 
Cosoguina, in the province of Nicaragua, January 19, 1835. Hot 
cinders and fine scoriro were than cast up to a vast height, and 
covered the ground as they fell to the depth of more’ than 10 feet 
and for a distance of 8 leagues from the crater in a southerly direc- 
tion. Birds, cattle, and wild animals were scorched to death in 
great numbers, and buried in ashes. Some volcanic dust fell at 
Chiapa, upwards of 1200 miles, not to leeward of the volcano as 
might have been anticipated, but to windward, a striking proof of 
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a counter-current in the upper region of the atmosphere ; and some 
on Jamaica, about 700 miles distant to the north-east. In the sea, 
also, at the distance of 1 100 miles from the point of eruption, Ca[)- 
tain Eden of the Conway ” sailed 40 miles through floating pumice, 
among which were some pieces of considerable si*e.* 

Test of age by mineral composition, — sediment of homo- 
geneous composition, when discluirged from the mouth of a laige 
river, is otlen deposited simultaneously over a wide space, so a par- 
t’cular kind of lava flowing from a crater during one eruption, may 
spread over an extensive area ; as in Iceland in 1783, when the 
melted matter, pouring from Skaptar Jokul, flowed in streams in 
opposite directions, and caused a continuous mass the extreme points 
of which were 90 miles distant from each other. This enormous 
current of lava varied in thickness from 100 feet to (.K)0 feet, ainl in 
breadth from that of a narrow river gorge to 15 miles.f Now, if 
such a mass should afterwairds be divided into separate fragments by 
denudation, we might still perhaps identify the detached portions by 
their >imilarity in mineral composition. Nevertheless, this test will 
not always avail the geologist ; for, «Hltli()ugh there is usually a pre- 
vailing character in lava emitted during the same cru]>tion, and even 
in the successive currents flowing from the same volcano, still, in 
many cases, the different parts even of one lava-stream, or, as before 
stated, of one continuous mass of trap, vary much in mineral com- 
position and texture. 

In Auvergne, the Eifcl, and other countries where trachyte and 
basalt are botli present, the trachytic rocks are for the in()>t part 
older than the basaltic. These rocks do, indeed, sometimes alternate 
partially, as in the volcano of Mont Dor, in Auvergn^ and we have 
seen tliat in Madeira trachytic Vocks may overlie an older basaltic se- 
ries fp. 646.) ; but the great mass of trachyte occupies more generally 
perhaps an inferior position, and is cut through and overflowed by 
basalt. It can by no means be inferred that trachyte predominated at 
pne period of the earth’s history and basalt at another, for we know 
that trachytic lavas have been formed at many successive period>, 
and are still emitted from many active craters ; but it seems that in 
each region, where a long series of eruptions have occurred, the more 
felspathie lavas have been first emitted, and the escape of the more 
augitic kinds has followed. The hypothesis suggested by Mr. Scropc 
may, perhaps, afford a solution of this problem. The minerals, he 
observes, which abound in biisalt are of greater specific gravity than 
those composing the felspathie lavas ; tlius, fur exaiiipie, liornbleiide, 
augite, and olivine arc each more than three time.s the weight of 
water; whereas common felspar, albite, and ].«abrador felspar ha\c 
each scarcely more than 2^ times the specific gravity of water ; and 
the difference is increased in consequence of there being much more 
iron in a metallic state in basalt and greenstone thau in trachyte and 
other felspathie lavas and trap rocks. If, therefore, a large quantity 

* Csidcleugh, Phil Trans., 18.36, p. 

4 tntlpr. •* Skitiifiir .FtiLiiL** 
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of rock he melted up in the bowels of the earth by volcanic heat, the 
flen8<3r ingredients of the boiling fluid may sink to the bottom, and 
the lighter remaining above would in that case l>c first propelled up- 
wards to the surface by the expansive power of gases. Those ma- 
ifiials, therefore, which occupy the lowest place in the subterranean 
reservoir will always be emitted last, and take the up{>ermost place 
on tli<‘ exterior of the earth’s crust. 

Trsf hij included fragments. — We may sometimes discover the 
relative age of two trap rocks, or of an aqueous deposit and the trap 
on which it rests, by finding fragments of one included in the other 
in cases such as those before alluded to, where the evidence of 6U|>er- 
}»osition alone would bo insufficient. It is also not uncommon to 
lind a conglomerate almost exclusively composed of rolled pebbles of 
trap, associated >vith sonic fossiliferous stratified formation in the 
jieighbotirhood of massive trap. If the pebbles agree generally in 
mineral character wdth the latter, we are then enabled to determine 
its ndative age by knowing that of the fossiliferous strata associated 
with the conglomerate. The origin of such conglomerates is ex- 
f>hiined by observing the shingle beaches composed of trap pebbles 
in modern volcanic islands, or at the base of Kina. 

Xvicvr Tertiary Pliocene periods , — I shall now select examples of 
contemporaneous volcanic rocks of successive geological periods, to 
>how that igneous causes h.ive been in activity in all past ages of 
tlie world, and that they have been ever shifting the places where 
tJicy have broken out at the earth’s surface. 

One portion of the lavas, tuffs, and trap-dikes of Etna, Vesuvius, 
and the island of Ischia has been produced within the historical 
iT:i ; another and a far more considerable part originated at times 
immediately antecedent, when the waters of the Mediterranean were 
already inhabited by the existing testacea, but wdicii certain species 
of elcpliaiit, rhinoceros, and other quadrupeds now extinct, inhabited 
Europe. A third and more ancient portion again of these volcanos 
oi igiiiated at the close of the Newer Pliocene period, when less 
than ten, sometimes only one, in a hundred of the shells diflered 
from those now living fsee p. 189.). 

It has already been stated that in the case of Etna, Post-pliocene 
formations occur in the neighbourhood of Catania, while the oldest 
lavas of the great volcano are Pliocene. These are seen associated 
with sedimentary deposits utTrezzaand other places on the southern 
and eastern flanks of the great cone (see above, p. 189.). 

Tlie Cyclopian Islands, called by the Sicilians Dei Faraglioni, in 
the sea-cliffs of 'which these beds of clay, tuff, and associated lava 
are laid open to view, are situated in the Hay of Trczzji, and may be 
regarded as the extremity of a promontory severed from the main 
land. Here 'numerous proofs are seen of submarine eruptions, by 
which the argillaceous and sandy strata w'cro invaded and cut 
through, and tufaceous breccias formed. Enclosed in these breccias 
are many angular and hardened fraginents of laminated clay in dif- 
ferent states of altiTatioiiby hcat,aiui intermixed with volcanic sands. 

'n.rt infrlpyt of the Cvelopiaii islets, or rather rocks, is about 200 
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teet in height, the summit being formed of a mass of stratified clay, 
the laminie of which are occasionally subdivided by thin arenaceous 
layers.* These strata dip to the N. W., and rest on a mass of columnar 
lava (see fig. 712.) in which the tops^of the pillars are weathered, 



and so rounded as to he often hemispherical. In some places in the 
adjoiuinfy and larjrest islet of the group, which lies to the north- 
eastward of that represented in the drawing (fig. 712.), the over- 


Tti!. 713. 



lying clay has been greatly 
altered and liardeiiod by the 
igneous rock, and occasionally 
contorte<l in the most ex- 
traordinary manner; yet the 
lamination has not been ob- 
literated, but, on the contrary, 
rendered much more conspi- 
cuous, by the indurating pro- 
<• 088 . 

In the annexed woodcut 
(fig. 713.) 1 liavc represented 
a portion of the altered rock, 
a few feet square, wliere the 
alternating thin lam i me of 
sand and clay have put on tlio 
appearance 'which we often 
<jb.serve in some of the most 
contorted of the metarnorpliic 
schists. 

A great fissure, running 
from east to west, nearly 
divides this farger island 
into two parts, and lays open 
its internal structure. In 


• Thi8 view of the Lie of Cyclops is from an origirial drawing by niy friend 

tliM latA r^ontotn UmII H ^ 
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the section thus exhibited, a dike of lava is seen, Arst cutting 
tl) rough an older mass of lava, and then penetrating the superiti- 
cumbeut tertiary strata. In one place the lava ramifies and ter- 
minates in thin veins, from a few feet to a few inches in tbickne^s 
(see fig. 714 ). 


Ffg.7l4. 



a. lava. 6. laminated claj* and sand. c. the s.*ime altered. 

The arenaceous Ininiiit'e are much hardened at the point of con- 
tact, and the clays are converted into siliceous schist. In this island 
the altered rocks as.sume a honeycomb structure on their weathered 
''Urfacc, singularly contrasted with the smooth and even outline which 
tlie same beds present iu their usual soft and yielding state. 

The pores of the lava are sometimes coated, or entirely filled, with 
carbonate of lime, and with a zeolite resembling analcime, which 
has been called cyclopite. The latter mineral has also been found 
in small fissures traversing the altered marl, showing that the same 
<‘ause which introduced the minerals Into the cavities of the lava, 
wiieiher we suppose sublimation or aqueous infiltration, conveyed it 
also into the open rents of the contiguous sedimentary strata. 

Post-PHoceiie formations near ?^aplcs , — I have traced in the 
“Principles of Geology” the history of the changes which the vol- , 
eanic region of Campania is known to have undergone during tlie 
last 2000 years. The aggregate elfoct of igneous operations during 
that period is far from insignificant, comprising as it does the forma- 
tion of the modern cone of Vesuvius since the year 79, and the pro- 
duction of several minor cones in Ischia, together with that of 
Moute Nuovo in the year 1538. Lava-currents have also flowed 
upon the land and along the bottom of tlie sea — volcanic sand, 
}>umico, and scoriae have been showered down so abundantly that 
wliole cities were buried — tracts of the sea have been filled up or 
converted into shoals — and tufaceous sediment has been transported 
by rivers and land-floods to the sea.‘ There are also proofs, during 
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the same recent pcrioil, of a pennnnent alteration of the relative 
levels of the land and sea in several places, and of tlie same tract 
having, near Puzzuoli, been alternately upheaved and depressed tti 
the amount of more than 20 feet. In connection with these convnl- 
sions, there are found, on the shores of the Bay of Baiie, recent 
tufaceoiis strata, filled with articles fabricated by the hands of man, 
and mingled with marine shells. 

It was also stated in this work (p. ]8S,\ that when we examine 
this same region, it is found to consist largely of tufaeeous strata, of 
a date anterior to human history or tradition, which are of such 
thickness as to constitute hills from oOO to more than 2()(K) feet in 
height. Some of these strata contain marine shells which are ex- 
clusively of living species, others contain a slight mixture, one or 
two per cent., of extinct species. Of the latter class is the ancient 
<*one of Vesuvius, called S(»mtna, which is of far greater volume than 
tlie modern cone, and is intersected by a far greater ntimber of dik<*s. 
In contrasting this ancient part of the mountain with that of modern 
date, one principal point of difference is observed : namely, (lie 
greater freqiienev in the older cone of fragments of alten‘<l sedi- 
mentary rocks ejected during eruptions. We may ea*»ily coiicidve 
that the tir>t explo'*ions would net with the greatest violence, lend- 
ing and shattering whatever solid masses obstructed tlie I'seape of 
lava and the accMmpanyinjj gases, so that great heaps of ej<<-t<*<l 
pieces of rock would naturally oeciir in the tufaeeous breccias forim-d 
by the earliest eruptions. But when a passage had once l)een optuied. 
and an habitual vent e<tabli«jh<*«l, the mat<M*ials thrown out would 
cfiih'^ist of licpiid lava, which would take tlie form of sand and scoriae, 
or of angular fragments ol* such solid lavas as may have choked up 
the vent. 

Among the fragments wliich abound in the tufaeeous br(*ccias of 
Soriima, none arc more common than a saccharoid doloinile, suppo>ed 
to liave been derived from an ordinary lime.stone altered by beat and 
\olcanic vapours. 

Carbonate of lime enters into the composition of so many of the 
simple miiHuaU found in Sornma, that M. Mit.seherlich. with much 
probability, ascribes their great variety to the action of the volcanic 
lieat on subjacent masses of liinesUme. 

Dikes of Somma . — The dikes seen in the great escar|)ment which 
Somma pre.^^eiits towards the modern cone of Vesuvius are veiy 
numerous. They are for the most part vertical, and traverse at 
right angles the beds of lava, scoriae, volcanic breccia, and sand, of 
which the ancient cone i.s composed. They project in relief scveial 
inches or sometimes feet, from the face of the cliff, being extremely 
compact, and less destructible than the intersected tuffs and porous 
lavas. In vertical extent they vary from a few yanl/f to /i(K) feet, 
and in breadth from 1 to 12 feet. Many of them cut all the inclined 
beds in the escarpment of Sornma from top to bottom, others stop 
short before they ascend above half way, and a few terminate at both 
c^ndii. cither in a point or abruptly. In mineral coinpusitiuti they 
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scarcely ditfer from tho lava» of Bomma, the rock conaiating of a 
));iso of leucito and augite, through which large crystals of augite 
and some of Icucito are scattered.* Kxainples are not rare of one 
dike cutting through another, and in one instance a shift or fault is 
seen at the point of intersection. 

In some cases, however, the rents seem to have been filled laterally, 
when the >valls of the crater liad liecn broken by star>shaped cracks, 
us seen in the accompanying wood-cut (fig. 715.). Hut the shape of 





ihesc rents is an exception to the general rule ; for nothing is more 
lemarkable than the usual parallelism of the opposite sides of the 
ilikes, which correspond almost as regularly as the two opposite faces 
of a wjill of masonry. This character appears at first tho more in-* 
rxplicablo, wlicn we consider how jagged and uneven arc the rents 
caused hy eartliquakes in masses of heterogeneous ccniipt^ition, like 
those coinpo>ing the cone of Somma. In explanation of this phe- 
nomenon, M. Nt‘cker refers us to Sir W. Hamilton’s account of an 
cruptif>ii of Vesuvius in the year 1779, wdio records the following 
facts : — “ 'I'lic lavas, when they cither boiled over the crater, oi 
broke out fnnn tlie conical parts of the volcano, constantly formed 
<*h:innels ns n»giilar as if tliey had been cut by art down the steep 
part of the mountain; and, whilst in a .'state of perfect fusion, con- 
tinued their course in those channels, which were sometimes full to 
the hrim, and at other times more orless so, according to the quantity 
of inattcr in imition. 

“Tlicsc channels, upon examination after an eruption, I have 
found to be in general from two to live or six feet wddc, and seven 
or eight feet d(*ep. They were often liid from the .*«ight by a 
quantity of scoriic that had formed a crust over them ; and the lava, 
Iniving been conveyed in a covered way for some yards, came out 

♦ L. A. Nccker, Mcin. «te la Sor. fie t From a drawing of M. Nveker. in 
Pliys. ct flTIist. Nat. fic Gcmi^vc, tom. ii., Mcnn. above cited, 
part i., Nuv. 1822. 
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fresh again into an open channel. After an eruption, I have 
walked in some of those subterraneous or covered galleries, which 
were exceedingly curious, the sides, top, and bottom being toorn 
perfeetlg smooth and eiwn in most parts, by the violence of the 
currents of the red-hot lavas which they had conveyed for many 
w'eeks successively.”* 

Now, the walls of a vertical fissure, through which lava has 
ascended in its way to a volcanic vent, must have been exposed to 
the same erosion as the sides of the channels before adverted to. 
The prolonged and uniform friction of the heavy fluid, os it is 
forced and made to flow upwards, cannot fail to wear and smooth 
down the surfaces on which it rubs, and the intense heat must melt 
all such masses as project and obstruct the passage of the incan- 
descent fluid. 

The texture of the Vesuvian dikes is different at the edges and in 
the middle. Towards the centre, observes M. Necker, the rock is 
larger grained, the component elements being in a far more crys- 
talline state ; while at the edge the lava is sometimes vitreous, and 
always finer grained. A thin parting band, approaching in its 
character to ^itchstone, occasionally intervenes, at the contact of 
the vertical dike and intersected beds. M. Necker mentions one of 
these at the place called Primo Monte, in the Atrio del C'aviiUo ; 
and when I examined Somma, in 1828, I saw tliree or four otlifis 
in different parts of the great escarpment. These phenomena are in 
j>erfect harmony with the results of the experiments of Sir tTaln(‘^ 
Hall and Mr. Gregory Watt, which have show'ii that a gln^s^y 
texture is the eflect of sudden cooling, whihs on the contrurv. a 
crystalline grain Ls produced wdiere fused minerals are allowed to 
consolidate slowly and tranquilly under high pressure. 

It is evident that the central portion of the lava in a fissun*. 
would, during consolidation, part with its heat more slowly than the 
sides, although the contrast of circumstances would not \} 0 , so great 
as when compare the lava near the l>ottom and at the surface of 
a current flowing in the open air. In this case the uppcTinost part, 
w'here it has been in contact with the atmosphere, and wlicrt* re- 
frigeration has been most rapid, is always found to con>ist of 
scoriforni, vitreous, and porous lava; wdiile at the greater d<*pth the 
mass assumes a more lithoidal structure, and then becomes more and 
more stony as we descend, until at length we are able to recognize 
with a magnifying glass the simple minerals of which the rock is 
composed. On penetrating still deeper, we can detect the con- 
stituent parts by the naked eye, and in the Vesuvian currents 
distinct crystals of augite and leucite b(*cornc apparent. 

The same phenomenon, observes M. Necker, may readily be ex- 
hibited on a smaller scale, if wc detach a jiiece of licjuid lava from 
a moving current. The fragment cools instantly, and we find the 


FbiL Trans., vol. Ixx., 17d0. 
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surface covered with a vitreous coat ; while the interior, although 
extremely fiiie-grained, has a more stony appearance. 

It must, however, be observed, that although the lateral portions 
of the dikes arc finer grained than the central, yet the vitreous 
parting layer b<?rorc alluded to is rare in Vesuvius. This may, 
perhaps, be necouiited for, as the above-mentioned author suggests, 
by the great heat whiidi the walls of a fissure may acquire before 
the fiuid mass begins to consolidate, in which case the lava, even at 
the sides, would cool very slowly. Some fissures, also, may l>e fil|ed 
from above, as frequently happens in the volcanos of the Sandwich 
Islands, according to the <»bservations of Mr. Dana ; and in this case- 
the refrigeration at the sides w'ould be more rapid than when the 
melted matter flowed upwtirds from the volcanic frjci, in an intensedy 
heated state. Mr. Darwin informs me that in St. .Helena almost 
( Very dike has a vitreous selvage. 

The rock composing the dikes l>oth in the modern and ancient 
|)art of Vesuvius is fur more compact than that of ordinary lava, for 
the pressure of a column of melted matter in a fis.sure greatly 
exceeds that in an ordinary stream of lava ; and j»re^sure checks 
the I'xpansion of those gases which give rise t<» vesicles in lava. 

There is a tendency in almost all the Ve.suvian dikes to divide 
into horizontal prisms, a phenomenon in accordance with the form- 
ation «»f vertical columns in horizontal l>eds of lava ; for in l>oth 
ca^es the divisions which give rise to the prismatic structure are at 
right angles to the cooling surfaces. (See above, p. 611.) 
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CIIArXER XXXI. 

ON THE MFFERENT AGES OF THE VOLCANIC ROCKS — continued. 

Volcanic rocks of the Newer Pliocene period — Val di Noio Sirilinn dikes 
Region of Clot in Catalonia— Vulcanic rocks of the Older Pliocene period — 
Tuscanj — Rome — Volcanic region of Oloi in Catalonia— Cones and lava- 
currents — Ravines and ancient gravel-beds — Jets of air called llufadors^Age 
of the Catalonian volcanos— tapper Miocene period —Volcanic archipelagos of 
Madeira, the Canaries, and the Azores — Lower Miocene |'i‘riod— Hrown-coul 
of the Eifcl and contemporaneous trachytic breccias-- Age of the hrown- 
roal — Peculiar characters of the volcanos of the upper and lower Kifcl— l^iko 
Craters — Trass — Hungarian volcanos. 

VOLCANIC ROCKS OF THE NEWER PLIOCENE PKKKUL 

Vnl di Noto . — 1 have already alluded (sec p. 191.) to the igneous 
rocks which are associated with a great marine formation of lime- 
stone, sand, and marl in the southern part of Sicily, as at Vizzini 
and other places. In this formation, which was shown to belong to 
the Newer Pliocene period, large beds of oysters and corals repose 
upon lava, and are unaltered at the point of contact. In other places 
we find dikes of igneous rock intersecting the fossiiiferous beds, and 
converting the clays into siliceous schist, the laminas being contorted 
and shivered into innumerable fragments at the junction, as near the 
town of Vizziui, 

The volcanic formations of the Val di Note usually consist of the 
most ordinary variety of basalt, with or without olivine. The rock 
is sometimes compact, often very vesicular. The vesicles are occa- 
sionally empty, both in dikes and currents, and are in some localities 
filled with calcareous spar, arragonite, and zeolites. The structure 
is, in some places, .spheroidal ; in others, though rarely, columnar. 
I found dikes of amygdaloid, wacke, and prismatic basalt, inter- 
secting the limestone at the bottom of the hollow called Gozzo degli 
Martiri, below Melilli. 

Dikes in SicUt /. — Dikes of vesicular and amygdaloidal lava are 
also seen traversing marine tufl'or peperino, west of Pabigonia, some 
of the pores of the lava being empty, while others arc filled witli 
'carbonate of lime. In such cases wo may suppose the peperino 
to have resulted from showers of volcanic sand and sebrim, together 
with fragments of limestone, thrown out by a submarine explosion, 
similar to that which gave rise to Graham Island in 1831. When 
the mass was, to a certain degree, consolidated, it may have been 

flirnnerh fissures, thfi Walls of 
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which were perfectly even and parallel. After the melted matter 
that filled the rent (fig. 716.) cooled down, it must have been 
fractured and ehifted horizontally by a lateral movement 
In the second figure (fig. 717.)’ ^be appearance 


Flg.7IC. rif.717. 



(;round-i»lan of dikes near Pabgrnia. 

/f Uva. 

A. prperino. roniisting of volranir sand, mixed with 
fragmenls of lava and limestone. 

of a TfiDy wliich forced its way through the peperino. It is highly 
probable that similar appearances would be seen, if we could examine 
the floor of tlie sea in that part of the Mediterranean where the 
waves have recently washed away the new volcanic island ; for when 
a siiperincambent mass of ejected fragments has been removed by 
tlemidation, we may expect to see sections of dikes traversing tuff, 
or, in other words, sections of the channels of communication by 
which the subterranean lavas reached the surface. 

Volcajiic rocks of Olot in Catalonia , — Gcorogists are far from 
being able, as yet, to n.«tsign to each of the volcanic grouj|s scattered 
over Europe a precise chronological place in the tertiary series ; but 
I shall describe here, as probably referable in part to the Post-plio- 
cciie and in part to the Ne^ver Pliocene period, a district of extinct 
volcanos near Olot in the North of Spain, which is little known, and 
which I vi.sited in the summer of 1830. 

The whole extent of country occupied by volcanic products in 
Catalonia is not more than fifteen geographical miles from north to 
south, and about six from east to west. The vents of eruption 
range entirely within a narrow band running north and south ; and 
the branches, which are represented as extending eastward in the 
map, arc formed simply of two lava-streams — those of Castell Follit 
and Ccllcnt. 

Dr. Maclure, the American geologist, was the first who made 
known the existence of these volcanos*; and, according to his de- 
scription, the Yolcanic region extended over twenty square leagues, 
from Amer to Massanct. I searched in vain in the environs of Mas- 

♦ Marlurc, Journ. dc Phyf., vol. Ixvi. p. 219., ISOS; cited by Daubeny, De- 
scription of Volcanos, p. 24. 
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VoU-anic dUtrict of ('atalunLi. 


sanot in the Pyrenees, for traees of a lfi% fi-cnrrent ; and 1 can say 
with confidence, that the adjoining map gives a correct view of tin* 
true area ot the volcanic action. 

Geological structure of the district — The eruptions have burst 
entirely through fossiliferous rocks, composed in givat part of grey 
and greenish sandstone and conglomerate, with some thick beds of 
nummulitic limestone. Tlic conglomerate contains pebbles of quartz, 
limestone, and Lydian stone. This system of rocks is very exten- 
sively spread throughout Catalonia ; one of its members being a red 
sand.stone, to which the celebrated salt-rock of Cardona, usually 
considered as of the cretaceous era, is subordinate. 

Near Araer, in the Valley of the Ter, on the southern borders of 
the region delineated in the map, crystalline rocks are seen, consist- 
ing of gneiss, mica-schist, and clay-slate. They run in a line nearly 
parallel to the Pyrenees, and throw off the fossiliferous strata from 
their flanks, causing them to dip to the north and north-west. This 
dip, which is towards the Pyrenees, is connected with a distinef. axis 
of elevation, and prevails through the whole area de*8cribed in the 
map, the inclination of the beds being sometimes at an angle of 
between 40 and 50 degrees. 

It is evident that the physical geography of the country has 

- — of the era 
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of tlio volcanic eruptions, except such as has resulted from the 
introduction of new hills of scorias, and currents of lava upon the 
^urface. If the lavas could he remelted and jioured out again from 
llieir respective craters, they would descend the same valleys in 
wliicli they are now seen, and re-occupy the spaces which they af 
present till. The only difference in the external configuration of 
the fresh lavas would consist in this, that they would nowhere be 
intersected by ravines, or exhibit marks of erosion by running 
water. 

VoleaHic cones and lavas, — There arc about fourtccMi distinct 
<'(nies with craters in this part of Spain, besides several ])oint^ 
whence lavas may have issued ; all of them arranged along a narrow 
line running north and south, as will be seen in the map. The 
greate.st number of perfect cones are in the immediate neigliboiir- 
Imod of Olot, somp of which (fig. 719., Nos. 2, 3, and o ) ai** 


r.;: 



View o( thi* Volciirros around Olot in C\ual«inia. 


represented in the annexed woodcut; and the level plain on which 
that town stands has clearly been produced by the flowing down of 
many lava-streams from those hills into the bottom of a valley, 
probably once of considerable depth, like those of the surrounding 
country. 

In tliis drawing an attempt is made to represent, by the shading 
of the landscape, the ditferent geological formations of which the 
country is composed.* The white line of mountains (No. 1.) in the 
distance is the I’yrenecs, which are to the north of the spectator, 
and consist of hypogeno and ancient fossiliferous rocks. In front of 
these arc the fossiliferous formations (No. 4.), which are in shade. 


♦ This view IS taken from a sketch which I made on the spot in IS30. 
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Still nearer to us the hills 2, 3, 5, are volcanic cones, and the rest of 
the ground on which the sunshine falls is strewed over with volcanic 
ashes and lava* 

The Fluvio, which flows iK?ar the town of Olot, has out to the 
depth of only 40 feet through tlie lavas of the j)lain before men* 
tioned. The bed of the river is hard basalt ; and at the bridge of 
Santa Madelina are seen two distinct lavn-ciirrent-s, one above the 
other, separated by a horizontal bed of seorirc 8 feet thi<‘k. 

In one place, to the south of Olot, the even surface ot the plain is 
broken by a mound of lava called the “ Hosque de Tosca/' the 
upper part of which is scoriaceous, and covered with enormous 
heaps of fragments of basalt, more or less porous, lletweeii llu) 
numerous hummocks thus formed are deep cavities, having the 
appearance of small craters. The whole pn*cisoly resembles some 
of the modem curreiits of Etna, or that of Come, near ChTinoni; the 
last of which, like the Bosque de Tosca, supports only a scanty 
vegetation. 

Most of the Catalonian volcanos are as entire as those in the 
neighbourhood of Naples, or on the flanks of Etna. One of these, 
called Montsacopa (No. 3. fig. 719.), is of a very reguhu* form, and 
has a circular depression or crater at the siimmit. It is chiefly 
made up of red scoriie, iindistinguisliahle from tlioso of the minor 
cones of Etna. The neighbouring bills of Olivet (No. 2.) and 
(larrinada (No. 5.) are of similar composition and shape. The 
largest crater of the whole district occurs farther to the east of 
Olot, and is called Santa Margarita. It is 4o5 feet deep, and about 
a mile in circumference. Like Astroni, near Naples, it is richly 
covered with wood, wherein game of various kinds abounds. 

Although the volcanos of Catalonia liave broken out through 
sandstone, shale, and limestone, as have those of the Eifel, in (Ger- 
many, to be described in the sequel, there is a remarkable difler- 
ence in the nature of the ejections composing the cones in these two 
regions. In the Eifel, the quantity of pieces of sandstone and shale 
thrown out from the vents is often so irnmenso as far to exceed in 
volume the scoriie, pumice, and lava; but I .sought in vain in the 
cones near Olot, for a single fragment of any extraneous rock ; and 
Don Francisco Bolos. an eminent botanist of Olot, informed me tiiat 
he had never been able to detect any. 

Volcanic sand and a.shes arc not confined to the cones, hut liavc 
been sometimes scattered by the wind over tlic country, and drifted 

into narrow valleys, as is seen 
iKjtwceii Olot and Celleiit, whent 
the annexed section (fig. 720.) i.> 
exposed. The light chulcry vol- 
canic matter rcslrf in thin re- 
gular layers, just a.s it alighb?*! 
on the slope formed of the solid 

*; Ibrn*U2S7o'VoiMnie . 40 d «nd Conglomerate. No flood could 

#iiA valley 
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Bince the scorin fell, or these would have been for the most part 
removed. The currents of lava in Catalonia, like those of Auvergne, 
the Vivarais, Iceland, and all mountainous countries, are of con- 
siderable depth in narrow defiles, but spread out into comparatively 
thin sheets in places where the valleys widen. If a river has floigcd 
on nearly level ground, as in the great plain near Olot, the water 
has only excavated a channel of slight depth ; but where the de- 
clivity is great, tlie stream has cut a deep section, sometimes by 
penetrating directly through the central part of a lava-current, but 
more fn'queiitly by passing between the lava and the secondary or 
tertiary rock which bounds the valley. Thus, in the accompanying 
section (fig. 721.), at the bridge ofCVllent, six miles east of Olot, we 
.sec the lava on one side of the small stream ; while the inclined 

rig. 721 . 
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Section abofe the bridge of Celienc. 

n. scoriaceoiu d. scoriae, vegetable fcoil.’atid allutium. 

/>. iMsalt. e. numinulitic limestone, 

c coliiiiiiiar basjlc. /. tnicaceou* grey sandstone. 

Stratified rocks constitute the channel and opposite bank. The 
upper part of the lava at that place, as is usual in the currents of 
Ktiiii and Ve.suvius, is scoriaccous ; farther down it becomes less 
porous, and assumes a spheroidal structure ; still lower it divides in 
liorizoiital plates, each about 2 inches in thickness, and is more 
compact. Lastly, at the bottom is a mass of prismatic basalt about 
*) feet thick. The vertical columns often rest immediately on the 
subjacent stratified rocks ; but there is sometimes an intervention of 
sand and scorias such ns cover the country during volcanic eruptions, 
and which, unless protected as here, by superincumbent lava, is 
washed away from the surface of the land. Sometimes, the bed d 
contains a fV^w pebbles and angular fragments of rock ; in other 
places fine earth, which may have constituted an ancient vegetable 
soil. 

In several localities, beds of sand and ashes are interposed between 
the lava and subjacent stratified rock, as may be seen if we follow 
the course of the lava-current which descends from Las Planas 
towards Amur, and stops two miles short of that town. The river 
there has often cut through the lava, and through 18 feet of under- 
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Igrjng limestone; Oeonsionnlljr m Alluvium, several feet thick, 
interposed between the igneous and marine formations ; and it is 
interesting to remark tliat in ibis, as in other beds of pebbles occu- 
pying a similar position, there are no rounded fragments of lava ; 
wl^reas in the most modern gravel-beds of the rivers of this country 
volcanic pebbles are abundant. 

The deepest excavation made by a river through lava, wliicdi I 
observed in this part of Spain, is seen in the bottom of a valley near 
San Feliu de Pallerols, opposite the Castell de Stolles. The lava 
there has filled up the bottom of a valley, and a narrow ravine has 
Insen cut through it to tlie depili of 1(X) feet. In the lower part tin- 
lava has a columnar striiemir. A great number of ages were pro- 
bably required for the erosion of so deep a raviiu' ; hut we have no 
reason to infer that this current is of higher antiquity tlian those 
of the plain near Olot. The fall of tin- ground, and coiisecjuent 
velocity of the stream, being in this case greater, aunn'e considerable 
volume of rock may have been removed in the same time. 

I shall describe one more section (fig. 722.) to elucidate the ])ln*- 
nomena of this district. A liiva-stream, llowing from a ridge of hills 
<»u the east of Olot, descends a considerablt^ slope, until it reaches 
the valley of the river Flu via. Here, for the first time, it comes in 
contact with running water, which has removed a fnjrtion, and laid 
open its internal structure in a precipice about 130 feet in height, 
lit the edge of which stands the town of C'astcll Follit. 

Ily the junction of the rivers Fluvia and Teronel, the mass of lava 
has been cut away on two side.s ; and the insular rock n ( iig. 722.; 


Fig. 



Section at Caitell Follit. 

A. church and town of C4»t«*ll Folia, overlooking urocipicci of liaialt. 

B. small island, on each side of which hranches or the ri«er Teronel flow to meet the 

Fluvia. 

c. precrpice of basaKtr lava, chiefly columnar, about 130 feet in height. 

d. ancient alluvium, underlying the lava^currcnt. 

c. inclined strata of sandstune. • 

hastjccn left, which was probably never so high as the cliff A, as it 
may have constituted the lower part of the sloping side of the 
original current. 


#llf) 
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upper part of the lava on which the town is built is scoriaceous^ 
fiiissing downwards into a spheroidal basalt ; some of the huge 
.s{>hi?roidH being no less than 6 feet in diameter. Below this is a 
more compact basalt, with crystals of olivine. There are in all five 
distinct ranges of basalt, the uppermost spheroidal, and the rest 
prismatic, separated by thinner beds not columnar, and some of 
which arc schistose. Tln^se were probably formed by successive 
flows of lava, whether during the same eruption or at different 
])criods. The whole mass rests on alluvium, 10 or 12 feet in thick- 
ncs.S composed of pebbles of limestone and quartz, but without any 
intermixture of igneous rocks ; in which circumstance alone it 
appears to differ from the modern gravel of the Fluvia. 

Jiujatlors. — TIhj volcanic rocks near Olot have often a cavernous 
structure, like some of the lavas of Etna ; and in many parts of the 
Jiill of JJatet, in the environs of the town, the sound returned by the 
earth, when struck, is like that of an archway. At the base of the 
same hill an* the mouths of several subterranean caverns, about 
twelve in number, called in the country “ bu fad ors,” from which a 
current of cold air issues during summer, but in winter it is said to 
1)0 scarcely perceptible. I visited one of these bufadors in the 
begin tiing of August, 1830, w'hen the heat of the season was un- 
usually intense, and found a cold wind blowing from ir> which may 
easily be explained ; for as the external air, when rarefied by heat 
ascends, the pressure of the colder and heavier air of the caverns 
in the interior of the mountain causes it to rush out to supply‘ its 
place. 

In regard to the age of these Spanish volcanos, attempts have 
been made to prove, that in this country, as well as in Auvergne 
and the Eifol, the earliest inhabitants "were eye-witnesses to the 
volcanic action. In the year 1421, it is said, when Olot was de- 
stroyed hy an earthquake, an eruption broke out near Amer, and 
coiisuined the (own. The researches of Don Francisco Bolos have, 

I think, shown, in the most satisfactory manner, that there is no 
good historical foundation for the latter part of this story ; and any 
geologist who has visited Amer must be convinced that there never 
Avas any eruption on that spot. It is true that in the year above 
mentioned, the whole of Olot, with the exception of a single house, 
was cast down by an earthquake : one of those shocks which, at 
distant intervals during the last tive centuries, have shaken the 
Pyrenees, and particularly the country between Perpignan and Olot, 
where the movements, at the period alluded to, were most violent. 

The annihilation of the town may, perhaps, have been due to the 
cavernous nature of the subjacent rocks ; for Catalonia is beyond the 
line of those European earthquakes which have, within the period of 
history, dcstVoyed towns throughout extensive areivs. 

As wb have no historical records, then, to guide us in regard to the 
extinct volcanos, we must appeal to gt?ological monuments. The an- 
nexed diagram (fig. 723.) will present to the reader, in a synoptical 
form, the results obtained from numerous sections. 
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Fig. 723. 



Superposition oft'ocks in the volcanic district of Catalonia. 

a sandstone and niimmulitfc limestone. 
d. older alUii'ium Hithoiit vulcanic i>ebbles. 

c. cones of scorne and lava. </• Newer alluvium. 


The more modern alluvium (d) is partial, and has been formed 
by the action of rivers and floods upon the lava ; whereas the older 
gravel (d) was strewed over the country before the volcanic eruptions. 
In neither have any organic remains been discovered ; so that we can 
merely affirm as yet, that the volcanos broke out after the elevation 
of some of tlie newest rocks of the nummiilitic (Kocene) scries ol 
Catalonia, and before the formation of an alluvium (d) of unknown 
date. The integrity of the cones merely shows that the country 
has not been agitated by violent earthquakes, or subjected to the 
action of any great flood since their origin. 

East of Olot, on the Catalonian coast, marine tertiary strata occur, 
which, near Barcelona, attain the height of about 500 feet. From 
the shells which I collected, these strata appear to correspond in 
age with tlie Subapennine beds ; and it is not im])robable that their 
upheaval from beneath tlie sea took place during the period of 
volcanic eruption round Olot. In that case these eruptions may 
have occurred partly during the Newer Pliocene, and partly during 
the Post-pliocene period, but their exact ago is at present un- 
certain. 

0/der Pliocene period. — Italy . — In Tuscany, as at Radicofani, 
Viterbo, and Aquapendente, and in the Campagna di Roma, sub- 
marine volcanic tuffs are interstratified w’itli the Older Pliocene 
strata of the Subapennine hills in such a manner as to leave no 
doubt that they were the products of eruptions which occurred 
when the shelly marls and sands of the Subapennine hills were in 
the course of deposition. This opinion I expressed* after my visit 
to Italy in 1828, and it has recently (1850) been confirmed by the 
arguments adduced by Sir R. Murchison in favour of the submarine 
origin of the earlier volcanic rocks of Italy.^ These rocks are well 
known to rest conformably on the Subapennine marls, even as far 
south as Monte Mario in the suburb.? of Rome. On the exact age 
of the deposits of Monte Mario new liglit has recently been thrown 
by a careful study of their marine fu.ssil sliells, undertaken by MM. 
Kayneval, Vandeu Ileckc, and Ponzi. They have compared no 


' * See 1st edit, of Principles of Geo- and former edits, of this work, chap. xxxi. 
logy, vol. iii. chaps, xiii. andxiv., 1833; f Geol. Quart. Journ., vol. vi. p. 281. 
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less than 160 species* with the shells of the Coralline Crag of 
Sulfolk, so well described by Mr. Searles Wood ; and the specific 
agreement between the British and Italian fossils is so great, if we 
make due allowance for geographical distance and the difference of 
latitude, that we can have little hesitation in referring both to the 
same period or to the Older Pliocene of this work. It is highly 
probable that, between the oldest trachytes of Tuscany and the 
newest rocks In the neighbourhood of Naples, a scries of volcanic 
products might be detected of every age from the Older Pliocene to 
the historical epoch. 

VOLCANIC ROCKS OF THE UPPER MIOCENE PERIOD. 

Madeira and Porto Santo. — When treating generally of the 
origin and structure of volcanic mountains, I have described (p. 639.) 
at some length the volcanic tuffs and other igneous rocks of Tertiary 
and Post-tertiary date in the island of Madeira. Among the sub- 
marine deposits, it was stated that some were as old as the Upper 
Miocene period, as shown by the fossil shells included in the tuffs 
whicli have been upraised at San Vicente in the northern part of 
the island to the height of 1300 feet above the level of the sea. A 
similar formation constitutes the fundamental portion of the neigh- 
bouring island of Porto Santo, forty miles distant from Madeira. 
The marine beds are there elevated to an equal height, and covered, 
as in Madeira, with lavas of supra-marinc origin. 

The largest number of fossils have been collected from tuffs 
and conglomerates and some beds of limestone in the island of 
Baixo, off the southern extremity of Porto JSanto. They amount 
in this single locality to more than sixty in number, of which about 
fifty are niollusca, many of them in the state of casts only. 

Some of the shells ])robably lived on the spot in the intervals 
between eruptions ; some may have been cast up into the water 
or air together with muddy ejections, and, falling down again, were 
<leposited on the bottom of the sea. The hollows in some fragments 
of vesicular lava, entering into the composition of the breccias and 
conglomerates, are partially filled with calc-sinter, being thus half 
converted into amygdaloids. 

Among the fossil shells common to Madeira and Porto Santo, 
large cones, strombs, and cowries are conspicuous among the uni- 
valves, and Cardiuni, Spondyhis^ Lithodomus among the lamelli- 
hranchiate bivalves. Among the Echinoderms the large Clypeaster, 
C. altuSy an extinct European Miocene fossil, is seen. 

The largest list of fossils has been published by M. Karl Meyer, 
in llartung’s ‘‘ Madeira but in tho collection made by myself, and in 
a still larged one formed by Mr. J. Yate Johnson, several remarkable 
ibrms not in Meyer’s list occur, as, for example, Pholadomya^ and a 
large Terebra. Mr. Johnson also found a fine specimen of Nautilus 

* Catalogue dcs Fossilesde Monte Mario, Rome, 1854. 
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(Alruria) zigzag^ a wldlKknown Falunian fossil of Europe ; and in 
the same volcanic tuff of Baixo, the Echinoderm Brissuf Seilla, n 
living Mediterranean species, found fossil in the Miocene strata of 
Malta. M. Meyer identifies one-third of the Madeira shells with 
known European Miocene (or Falunian) forms. The huge Strombus 
of San Vicente and Porto Santo, S. lialicusy is an extinct shell 
of the Subapennine or Older Pliocene formations. 

The mollusca already obtained from various localities of Madeira 
and Porto Santo are not less than one hundred in number, and, 
according to Dr. S. P. Woodward, rather more than a tliird are of 
species still living, but many of these are not now inhabitants of the 
neighbouring sea. 

It has been remarked (p. 211.) that in the Older Pliocene and 
Upper Miocene deposits of Europe, many forms occur of a more 
southern aspect than those now inhabiting the nearest sea. In lik(> 
manner the fossil corals, or Zoantharia, six in number, which I ob- 
tained from Madeira, of tho generic Astreea^ Sarcimila^ JIgdnophoray 
&c., were pronounced by Mr# Lonsdale to be forms foreign to the 
adjacent coasts, and to agree with those of more tropical latitudes 
and parts of the Red Sea. So the Miocene shells of the Madeiras 
seem to belong to the fauna of a sea warmer than that now sepa- 
rating Madeira from the nearest part of the African coast. Wc 
learn, indeed, from the observations made in 1859, by the Rev. R. 
T. Lowe, that more than one-half, or fifty-three in ninety, of the 
marine mollusks collected by him from the sandy be.ach of Mogador 
arc common British species, although Mogador is 18^ degrees south 
of the nejirest shores of England. The living shells of Madeira and 
Porto Santo arc in like manner those of a temperate climate, although 
in great part differing specifically from those of Mogador.* 

Grand Canarij In the Canaries, especially in the Grand Canary, 

the same marine Upper Miocene formation is found. Stratified 
tuffs, with intercalated conglomerates and lavas, are there seen in 
nearly horizontal layers in sea-cliffs about 300 feet high, near Las 
Palmas. M. Hartung and I were unable to find marine shells in 
these tuffs at a greater elevation than 400 feet above the sea ; but 
as the deposit to which they belong reaches to the height of 1100 
feet or more in the interior, we conceive that an upheaval of at 
least that amount has taken place. The Clypeaster altus^ Sport- 
dylus gcBderopus^ Pectimculus pilosus, Cardita calyculata^ and 
several other shells, serve to identify this formation with that of 
the Madeiras, and Ancillaria glandiformis^ which is not rare, and 
some other fossils, remind us of the faluns of Touraine. 

The sixty-two Miocene species which I collected in the Grand 
Canary are referred, by Dr. S. P. Woodward, to forty-seven genera, 
ten of which are no longer represented in the neighbouring sea, 
namely, Corbi% an African form, Hinnites, now living in Oregon, 
Thecidium ( T. Mediterraneum^ identical with the Miocene fossil of 


Linncan Froccedings; Zoology, 1860. 
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St. Jurat, in Brittany), Calyptrma^ Hipponyx^ NerUa^ Eraio^ Olwa^ 
Ancillaria^ and Fasciolaria. 

These tuffs of the southern shores of the Grand Canary, con- 
taining the Upper Miocene shells, appear to be about the same age as 
the most ancient volcanic rocks of the island, composed of slaty 
diabase, phonolite, and trachyte. Over the marine lavas and tuffs 
trachytic and basaltic products of sub-aerial volcanic origin, between 
4000 and 5000 feet in thickness, have been piled, the central parts 
of tlie Grand Canary reaching the heights of about 6000 feet above 
the level of the sea. Some lavas have a very fresh a8{>ect, and 
have been poured out since the time when the valleys were already 
excavated to within a few feet of their present depth. They must 
be very modern, geologically speaking, but being anterior to the 
Kuropean colonization of the Grand Canary, their date is unknown. 

A raised beach occurs at San Catalina, about a quarter of a mile 
north of Las Palmas, which is situated in the north-eastern part of 
the island. It intervenes between the base of the high cliff formed 
of the tuffs with Miocene .shells ant} the sea-shore. From this 
heach, elevated twci!ty-five feet above high-water mark, and at a 
distance of about 150 feet from the shore, I obtained, with the 
assistance of Don Pedro Mafiiotte, more than fifty species of living 
inarino shells. Many of them, according to Dr. S. P. AVoodward, 
are no longer inhabitants of the contiguous sea, as, for example, 
Stromhns bubonius, which is still living on the West Coast of Africa, 
and Cerithhim procernmy found at Mozambique ; others are ]Medi- 
terranean species, ^^Pecten Jacobteus and P. polymorphus. Some of 
these testacea, such as Cardita squamosa, are inhabitants of deep 
water, and the deposit on the whole seems to indicate a depth of 
water exceeding a hundred feet. 

Azores. — In the island of St. Mary’s, one of the Azores, marine 
fossil shells have long been known. They are found in the north- 
east coast in a small projecting promontory called Ponta do Papa- 
gaio (or Point-Parrot), chiefly in a limestone about 20 feet thick, 
which rests upon, and is again covered by, basaltic lavas, scorije, 
and conglomerates. The pebbles in the conglomerate are cemented 
together with carbonate of lime. 

M. Hartung, in his account of the Azores, published in 1860, 
describes twenty-three shells from St. Mary’s*, of which eight per- 
haps are identical with living species, and twelve are with more or 
less certainty referred to European Tertiary forms, chiefly Upper 
Miocene. One of the most characteristic and abundant of the new 
species, Cardium llartungi, not known as fossil in Europe, is very 
common in Porto Santo and Baixo, and serves to connect the Miocene 
fauna of the Azores and the Madeiras. 

It appeart^from what has been said in the twenty-ninth and in the 
present chapter, that the volcanic eruptions of Madeira, the Canaries, 

* Hartung, Die Azoren, 1860 ; also Insel Gran Canaria, Madeira und Porto 
Santo, 1864, Lcipsig. 
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and the Azores, commenced in the Upper Miocene period, and con- 
tinued down to Post-pliocene times : in some islands of the Canarian 
and Azorian groups, the volcanic fires are not yet extinct, as the re- 
corded eruptions of Lanzerote, Teneriffe, Palma, St. MiehaeFs^ and 
others attest. 

In each of the three archipelagos there are proofs of Miocene 
submarine formations having been gradually uplifted during the out- 
pouring of successive lavas, in the same manner as the Pliocene 
marine strata of the oldest parts of Vesuvius and Etna have been 
upraised during eruptions of Post-tertiary date. In the Grand 
Canary, in Tenerific, and in Porto Santo, I observed raised beaches, 
showing that movements of elevation have in each of them been 
continued down to the Post-tertiary period. 


LOWER MIOCENE VOLCANIC ROCKS. 

The Eifel , — A large portion of the volcanic rocks of the Lower 
Rhine and the Eifel are coeval with the Lower Miocene deposits to 

-ft 

Fig..724. 
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which most of the “ Brown-Coal ” of Germany belongs. The Ter- 
tiary strata of that age aro seen on both sides of the Rhine, in the 
neighbourhood of Bonn, resting unconformably on highly inclined 
and vertical strata of Silurian and Devonian rocks. Its geographical 
position, and the space occupied by the volcanic rocks, both of the 
Westerwald and Eifel, will be seen by referring to the map (fig. 
724.), for which I am indebted to the late Mr. Horner, whose resi- 
dence for some years in the country enabled him to verify the maps 
of MM.Noeggerathand Von Oeynhausen, from which that now given 
has been principally compiled.* 

The Brown-Coal formation of that region consists of beds of loose 
sand, sandstone, and conglomerate, clay with nodules of clay-iron- 
stone, and occasionally si lex. Layers of light brown and sometimes 
black lignite are interstrati fied with the clays and sands, and often 
irregularly diffused through them. They contain numerous impres- 
sions of leaves and stems of trees, and are extensively worked for 
fuel, whence the name of the formation. 

In several places, layers of trachyti<^tuff are interstratified, and in 
these tuffs are leaves of plants identical with those found in the 
brown-coal, showing that, during the period of the accumulation of 
the latter, some volcanic products were ejected. 

M. Von Dechen, in his work on the Siebengebirge *, has given a 
copious list of the animal and vegetable remains of the freshwater 
strata sissociated with the brown-coal. Plants of the genera FlabeU 
laritty Ceanothus, and Daphnogene, including D. cinnamornifolia 
(fig. 204., p. 262.), occur in these beds, with nearly 150 other plants. 

The fishes of the brown-coal near Bonn are found in a bituminous 
shale, called paper-coal, from being divisible into extremely thin 
leaves. The individuals are very numerous ; but they appear to 
belong to a small number of species, some of which were referred by 
Agassiz to the genera Leuciscus, Aspius, and Perea, The remains of 
frogs also, of extinct species, have been discovered in the paper-coal ; 
and a complete series may be seen in the museum at Bonn, from the 
most imperfect state of the tadpole to that of the full-grown animal. 
With these a salamander, scarcely distinguishable from the recent 
species, has been found, and the remains of many insects. 

A vast deposit of gravel, chiefly composed of pebbles of white 
quartz, but containing also a few fragments of other rocks, lies over 
the brown-coal, forming sometimes only a thin covering, at others 
attaining a thickness of more than 100 feet. This gravel is very 
distinct in character from that now forming the bed of the Rhine. 
It is called ** Kiesel-gerolle ” by the Germans, often reaches great 
elevations, and is covered in several places with volcanic ejections. 
It is evident that the country has undergone great changes in its 
physical geography since this gravel was formed ; for its position 
has scarcely any relation to the existing drainage, and the great 

♦ Horner, Trans, of Geol. Soc., Second Series, vol. v. 

f Geognost. Bcschreib. des Siebengebiig^ am Rhein. Bonn, 1852. 
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valley of the Rhine and all the more modern volcanic rocks of the 
same region are posterior to it in date. 

Some of the newest beds of volcanic sand, pumice, and scoriae are 
interstratified near Andernach and elsewhere with the loam called 
loess, which was before described as being full of land and freshwater 
shells of recent species, and referable to the Post-pliocene period. 
But this intercalation of volcanic matter between beds of loess may 
possibly be explained without supposing the last eruptions of the 
Lower Eifel to have taken place so recently as the era of the depo- 
sition of the loess. 

The igneous rocks of the Westerwald, and of the mountains called 
the Siebengebirge, consist partly of basaltic and partly of trachytic 
lavas, the latter being in general the more ancient of the two. There 
are many varieties of trachyte, some of which are highly crystalline, 
resembling a coarse-grained granite, with large separate crystals of 
felspar. Trachytic tuff is also very abundant. These formations, 
some of which were certainly contemporaneous with the origin of 
the brown-coal, were the first of a long series of eruptions, the 
more recent of which happened when the country had acquired 
nearly all its present geographical features. 

Newer volcanos of the Eifel, — Lake-craters, — As I recognized 
in the more modern volcanos of the Eifel characters distinct from 
any previously observed by me in those of France, Italy, or Spain, I 
shall briefly describe them. The fundamental rocks of the district 
arc grey and red sandstones and shales, with some associated lime- 
stones, replete with fossils of the Devonian or Old Red Sandstone 
group. The volcanos broke out in the midst of these inclined strata, 
and when the present systems of hills and valleys had already been 
formed. The eruptions occurred sometimes at the bottom of deep 
valleys, sometimes on the summit of hills, and frequently on inter- 
vening platforms. In travelling through this district we often fall 
upon them most unexpectedly, and may find ourselves on the very 
edge of a crater before we had been led to suspect that we were 
approaching the site of any igneous outburst. Thus, for example, 
on arriving at the village of Gemund, immediately south of Daun, 
we leave the stream, which flows at the bottom of a deep valley in 
which strata of sandstone and shale crop out. Wo then climb a 
steep hill, on the surface of which we see the edges of the same 
strata dipping inwards towards the mountain. When we have 
ascended to a considerable height, we see fragments of scorise spar- 
ingly scattered over the surface ; until, at length, on reaching the 
summit, we find ourselves suddenly on the edge of a tarny or deep 
circular lake-basin (see fig. 725.). 

This, which is called the Gemunder Maar, is one of three lakes 
which are in immediate contact, the same ridge forming the barrier 
of two neighbouring cavities. On viewing the first of these (fig. 725.), 
we recognize the ordinary form of a crater, for which we have been 
prepared by the occurrence of scoriae scattered over the surface of 
the soil. But on examining the walls of the crater we find precipices 



a. Villapc* <if (><>niund. 
1). Goiiiunder M.uir. 


c. Woinfeldor Maar. 

d. Schalkenraehren Maar. 


of sandstone and shale which exhibit no signs of the action of heat ; 
and we look in vain for those beds of Ifiva and scorice, dipping out- 
wards on every side, which we have been accustomed to consider as 
characteristic of volcanic vents. As we proceed, however, to the 
opposite side of the lake, and afterwards visit the craters c and d 
(fig. 726.), we find a considerable quantity of scoriae and some lava, 
and see the whole surface of the soil sparkling with volcanic sand, 
and strewed with ejected fragments of half-fused shale, which pre- 
serves its laminated texture in the interior, while it has a vitrified 
or scoriform coating. 

A few miles to tlie south of the lakes above mentioned occurs the 
Pnlvermaar of Gillenfeld, an oval lake of very regular form, and 
surrounded by an unbroken ridge of fragmentJiry materials consist- 
ing of ejected shale and sandstone, and preserving a uniform height 
of about loO feet above the water. The slope in the interior is at 
an angle of about 45 degrees ; on the exterior, of 35 degrees. Vol- 
canic substances are intermixed very sparingly with the ejections, 
which in this place entirely conceal from view the stratified rocks of 
the country.* 

The Meerfelder Maar is a cavity of far greater size and depth, 
hollowed out of similar strata ; the sides presenting some abrupt 
sections of inclined secondary rocks, which in other places are buried 
under vast heaps of pulverized shale. I could discover no scorise 
amongst the ejected materials, but balls of olivine and other volcanic 
substances are mentioned as having been found.f This cavity, which 
wc must suppose to have discharged an immense volume of gas, is 

* StTopc, Kdin. Journ. of Science, f Hibbert, Extinct Volcanos of the 
June, 1826, p. 145. Khine, p. 24. 
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nearly a mile in diameter, and is said to be more than one hundred 
fathoms deep. In the neighbourhood is a inountaiu called the Moseii- 
berg, which consists of red sandstone and shale in its lower parts, 
but supports on its summit a triple volcanic cone, while a distinct 
current of lava is seen descending the flanks of the mountain. Tli(» 
edge of the crater of the largest cone reminded me much of the form 
and characters of that of Vesuvius ; but I was much struck with tin* 
precipitous and almost overhanging wall or paraj>et which thescoriie 
presented towards the exterior, as at a h (fig. 727.); which 1 can 


Fig. 727. 



only explain by supposing that fragments of ]*ed-liot lava, as they 
fell round the vent, were cemented together into one compact mass, 
in consequence of continuing to be in a Inalf-meltcd state. 

If we pass from the Upper to the Lower Eifel, from A to n (see 
Map, p. 670.), we find the celebrated lake-crater of Laach, which has 
a greater resemblance than any of those before mentioned to the 
Lago di Bolsena, and others in Italy, being surrounded hy a ridge 
of gently sloping hills, composed of loose tutfs, scoriae, and blocks of 
a variety of lavas. 

One of the most interesting volcanos on the left bank of the Rhine 
near Bonn is called the Roderberg. It forms a circular crater nearly 
a quarter of a mile in diameter, and 100 feet deep, now covered witli 
fields of corn. The highly inclined strata of ancient sandstone and 
shale rise even to the rim of one side of the crater ; but tliey are 
overspread by quartzose gravel, and this again is covered hy volcanic 
scoriae and tufaceous sand. The opposite wall of the crater is com- 
posed of cinders and scorified rock, like that at the suinriiit of Vesu- 
vius. It is quite evident that the eruption in this case burst through 
the sandstone and alluvium which immediately overlies it ; and I 
observed some of the quartz pebbles mixed with scoriaj on the 
flanks of the mountain, as if they had been cast up into the air, and 
had fallen again with the volcanic ashes. I have already observed, 
that a large part of this crater has been filled up with the loess. 

The most striking peculiarity of a gr(3at many of the craters above 
described, is the absence of any signs of alteration or torrefactioii in 
their walls, when these are composed of regular strata of ancient 
sandstone and shale. It is evident that the summits of hills formed 
of the above-mentioned stratified rocks have, in some cases, been 
carried away by gaseous explosions, while at the same time no lava, 
and often a very small quantity only of scoriae, has escaped from the 
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newly formed cavity. There is, indeed, no feature in the Eifel vol- 
canos more worthy of note, than the proofs they afford of very 
copious aeriform discharges, unaccompanied by the pouring out of 
melted matter, except, here and there, in very insignificant volume. 

I know of no other extinct volcanos where gaseous explosions of such 
magnitude have been attended by the emission of so small a quantity 
of lava. Yet I looked in vain in the Eifel for any appearances 
which could lend support to the hypothesis, that the sudden rushing 
out of such enormous volumes of gas had ever lifted up the stratified 
rocks immediately around the vent, so as to form conical masses, 
having their strata dipping outwards on all sides from a central axis, 
as is assumed in the theory of elevation craters, alluded to in Chap. 
XXIX. 

Trass . — In the Lower Eifel, eruptions of trachytic lava preceded 
the emission of currents of basalt, and immense quantities of pumice 
were thrown out wherever trachyte issued. The tufaceous alluvium 
called trass^ which has covered large areas in this region and choked 
up some valleys now partially re-excavated, is unstratified. Its base 
consists almost entirely of pumice, in which are included fragments 
of basalt and other lavas, pieces of burnt shale, slate, and sandstone, 
and numerous trunks and branches of trees. If^ as is probable, this 
trass was formed during the i)eriod of volcanic eruptions, it may have 
originated in the manner of the moya of the Andes. 

Wo may easily conceive tliat a similar mfiss might now be pro- 
duced, if a copious evolution of gases should occur in one of the lake- 
basins. The water might remain for weeks in a state of violent 
ebullition, until it became of the consistency of mud, just as the sea 
continued to be charged with red mud round Graham's Island, in the 
^Mediterranean, in the ye.ar 1831. If a breach should then be made 
ill tlie side of the cone, the flood would sweep away great heaps of 
ejected fragments of shale and sandstone, which would be borne 
down into the adjoining valleys. Forests might be torn up by such 
a flood, and thus the occurrence of the numerous trunks of trees dis- 
persed irregularly through the trass, can be explained. 

The manner in which this trass conforms to the shape of the 
present valleys implies its comparatively modern origin, probably 
not dating farther back than the Post-pliocene^ or, at farthest, 
the Newer Pliocene period. Of like modern date are numerous 
perfect cones of scoriae and some streams of lava which occur in the 
Eifel, as, for example, the small cones with craters near Andernach, 
on the left bank of the Rhine, and the columnar lava of Bcrtrich- 
Baden, between Treves and Cobleutz, of which I have given a figure 
at p. ()12. 

Hungary. — M. Beudant, in his elaborate work on Hungary, de- 
scribes five distinct groups of volcanic rocks, which, although no- 
where of great extent, form striking features in the physical geo- 
graphy of that country, rising as they do abruptly from extensive 
plains composed of tertiary strata. They may have constituted 
islands in the ancient sea, as Saiitorin and Milo now do in the Gre- 
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cian Archipelago ; and M. Beudant has remarked that the mineral 
products of the last-mentioned islsiuds resemble remarkably those of 
the Hungarian extinct volcanos, where many of the same minerals, 
as opal, calcedony, resinous silex {silex resinite)^ pcarlite, obsidian, 
and pitchstone abound. 

The Hungarian lavas are chiefly felspathic, consisting of different 
varieties of trachyte ; many are cellular, and used as millstones ; 
some so porous and even scoriforni as to resemble those which have 
issued in the open air. Pumice occurs in great quantity ; and there 
are conglomerates, or rather breccias, wherein fragments of trachyte 
are bound together by pumiceous tuff, or sometimes by silex. 

It is probable that these rocks were permeated by the waters of 
hot springs, impregnated, like the Geysers, with silica ; or, in some 
instances, perhaps by aqueous vapours, which, like those of Lance- 
rote, may have precipitated hydrate of silica. 

By the influence of such springs or vapours the trunks and 
branches of trees washed down during floods, and buried in tuffs on 
the flanks of the momitaius, are supposed to have bei'omc silicified. 
It is scarcely possible, says M. Beudant, to dig into any of the 
pumiceous deposits of these mountains without meeting with opalized 
wood, and sometimes entire silicified trunks of trees of great size 
and weight. 

It appears from the species of shells collected principally by M. 
Boue, and examined by M. Deshayes, that the fossil remains em- 
bedded in the volcanic tuffs, and in strata alternating with them in 
Hciiigary, are of the Miocene type, and not identical, as was formerly 
suiqjosed, with the fossils of the Paris basin. 
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CHAPTER XXXII. 

ON THE DIFFERENT AGES OF THE VOLCANIC ROCKS — Continued. 

Volcanic rocks of the Tertiary period, continued— Extinct volcanos of Auvergne — 
Mont Dor — Breccias and alluviums of Mont Perrier, with hones of quadrupeds 
- — River dammed up by lava-current — Range of minor cones from Auvergne to 
the Vivarais — Monts Dome — Puy de Come — Puy dc Pariou— Cones not de- 
nuded by general flood — Lower Miocene volcanic rocks near Clermont — Ilili of 
Gergovia — Eocene volcanic rocks of Monte Bolca — Trap of Cretaceous period 
— Oolitic period — New Red Sandstone period — Carboniferous period — “ Rock 
and Spindle” near St. Andrew’s — Old Red Sandstone period — Silurian period 
— Cambrian period — Laureiitian volcanic rocks. 

Volcanic Rocks of Auvergne. — The extinct volcanos of Auvergne 
and Cantal in Central France, seem to have commenced their erup- 
tions in the J^ower jMioceiie period, but to have been most active 
during the U])per Miocene and Pliocene eras. I have already 
alluded to the grand succession of events, of which there is evidence 
in Auvergne since the last retreat of the sea (see p. 226.). 

The earliest monuments of the tertiary period in that region are 
lacustrine deposits of great thickness (2. fig. 728. p. 679.), in the 
lowest conglomerates of which are rounded pebbles of quartz, mica- 
schist, granite, and other non- volcanic rocks, without the slightest 
intermixture of igneous products. To these conglomerates succeed 
argillaceous and calcareous marls and limestones (3. fig. 728.), con- 
taining Lower Miocene shells and bones of mammalia, the higher 
beds of which sometimes alternate with volcanic tulf of contempo- 
raneous origin. After the filling up or drainage of the ancient 
lakes, huge piles of trachytic and l>asaltic rocks, with volcanic 
breccias, accumulated to a thickness of several thousand feet, and 
were superimposed upon granite, or the contiguous lacustrine 
strata. The greater portion of these igneous rocks a])pear to have 
originated during the Upper Miocene and Pliocene periods; and 
extinct quadrupeds of those eras, belonging to the genera Mastodon, 
Rhinoceros, and others, were buried in ashes and beds of alluvial 
sand and gravel, which owe their preservation to overspreading 
sheets of la>fa. 

In Auvergne, tho most ancient and conspieuous of the volcanic 
masses is Mont Dor, which rests immediately on the granitic rocks 
standing apart from the freshwater strata.* This great mountain 


* See the Map, p. 191. 
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rises suddenly to the height of several thousand feet above the sur- 
rounding platform, and retains the shape of a flattened and somewhat 
irregular cone, all the sides sloping more or less rapidly, until their 
inclination is gradually lost in the high plain around. This cone is 
composed of layers of scorite, pumice-stones, and their fine detritus, 
with interposed beds of trachyte and basalt, which descend often in 
uninterrupted sheets until they reach and spread tlieriiselves round 
the base of the mountain.* Conglomerates, also, composed of angu- 
lar and rounded fragments of igneous rocks, are observed to alter- 
nate with the above ; and the various masses are seen to dip off 
from the central axis, and to lie parallel to the sloping flanks of the 
mountain. 

The summit of Mont Dor terminates in seven or eiglit rocky peaks, 
where no regular crater can now be traced, but where we may easily 
imagine one to have existed, which may have been sliattered by 
eartlniuakes, and have suffered degradation by aqueous agents. Ori- 
ginally, perhaps, like the higest crater of Etna, it inrty have formed 
ail insignificant feature in the great pile, and may frequently have 
been destroyed and renovated. 

According to some geologists, this mountain, .as well ns Vesuvius, 
Etna, and all large volc.anos, has derived its domc-like form not 
from the preponderance of eruptions from one or more central 
points, but from the upheaval of horizontal beds of’ lava and scoriie. 
1 have explained my reasons for objecting to this view in Ohap. 
XXIX., when speaking of Palm.a, and in the “ Priiiei]>les of Geo- 
logy.’ 'I' The .average inclin.ation of the dome-shaped mass of Mont 
Dor is 8° 6', whereas in Mounts Loa and Kea, before numtioned, in 
the Sandwich Islands (sec fig. 693. p. 617.)> fke flanks of which 
have been rais(‘d by recent lavas, we find from Mr. Dana’s descrip- 
tion tli.Mt the one has a slo])e of 6^ 30', the other of 7° 46^ There is 
therefore no reason whatever for imagining, as some have supposed, 
that the basaltic currents of the ancient French volcano were at 
first more horizontal than tlicy are now. Nevertheless it is possible 
that during tlie long series of eruptions required to give rise to so 
vast a pile of volcanic matter, which is thickest at the summit or 
centre of the dome, some dislocation and upheaval took place ; and 
during the distension of the mass, beds of lava and scorim may, in 
some places, have acquired a greater, in others a less inclination, than 
that which at first belonged to them. 

Ecspecting the age of the great mass of Mont Dor, we cannot come 
at present to any positive decision, because no organic remains have 
yet been found in the tuffs, except impressions of the leaves of trees 
of species not yet determined. We may confidently assume that the 
earliest eruptions were posterior in origin to those grits and con- 
glomerates of the freshwater formation of the Limagne which con- 
tain no pebbles of volcanic rocks ; while, on the other hand, some 

* Scrope's Central France, p. 98. 

t See chaps, xxiv., xxv., and xxvi., 7th, 8th, and 9th editions. 
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eruptions took place before the great lakes were drained, and others 
oeeurrc'd after tlie desieeation of those lakes, and when deep valleys 
had already been excavated through freshwater strata. 


Fig. 728 . 

Mont IViTlcr. 



Suction from the valley of tiie Couze at Nechers, throu»ii Mont Perrier and Issoire, to the Valley 
of tile Allier and tlie Tour de Boulade, Auvergne. 

10. Lava-current of Tartarct near its tormina- 5. Lower bone-bed of Perrier, ochreous sand 
tion at Nechers. and gravel. 

9. non*‘-beil, n d sandy #lny under the lava of 4a. Dasaltic dike. 

'I'ailaret. 4 . li.i-altic platlorm. 

s. Iloiie-hi d of tlie Tour dc Hoiilade. 3. Upper freshwater beds, limestone, marl. 

7. .Miuviiiin newer than No. fi. gypsum, ^c. 

<). Allnvium with hones of liippopntamus. 2. Lower freshwater formation, red clay, green 

.’'•r. Traehytic hreccia reseinhling ha. sand, &c. 

bh Uppei bone. bed of Perrier, gravel, &e. }. Granite. 

5 a. Puiiiiceoiis hreccia and conglomerate, angu- 
lar masses of tracliyte.quartz, pebbles, Ac. 


Til the above section I have endeavoured to explain the geological 
stiiKtturc of a portion of Auvergne, which I re-examined in 1843.* 
It rn.ay convey some idea to the reader of the long and complicated 
series of events which have occurred in that country, since the first 
lacustrine strata (No. 2.) were deposited on the granite (No. 1.). 
The changes of whicli we have evidence are the more striking, be- 
cause they imjdy great denudation, without there being any proofs 
of tlie iiitcrveiitioii of the sea during the whole period. It will be 
seen that the upper fresliAvater beds (No. 3.), once formed in a lake, 
must have suffered great destruction before the excavation of the 
valleys of the Couze and Allier had begun. In these freshwater 
beds, Lower Miocene fossils, as described in Chap. XV., have been 
found. The basaltic dike, 4', is one of many examples of the intru- 
sion of volcanic matter thi*ough the ancient freshwater beds, and 
may have been of Miocene or Pliocene date, giving rise, when it 
reached the surface and overflowed, to such platforms of basalt as 
often cap the tertiary hills in Auvergne, and one of which (4) is seen 
on Mont Perrier. 

It not unfrecpiently happens that beds of gravel containing bones 
of extinct mammalia are detected under these very ancient sheets of 
basalt, as between No. 4. and the freshwater strata, No. 3., at A., 
from whiidi it is clear that the surface of No. 3. formed at that period 
the lowest level at which the waters then draining the country flowed. 
Next ill age to this basaltic platform comes a patch of ochreous sand 
and gravel (No. 5.), containing many bones of quadrupeds. Upon 
this rests a piimiceous breccia or conglomerate, with angular masses 
of trachyte and some quartz pebbles. This deposit is followed by 5 A 
(which is similar to .">) and 5 c similar to the traehytic breccia 5 a. 
These two breccias are supposed, from their similarity to others found 

* See Quarterly Geol. Journ., vol. ii. p. 77. 
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on Mont Dor, to have descended from the flanks of that mountain 
during eruptions ; and the interstratified alluvial deposits contain 
the remains of mastodon, rhinoceros, tapir, deer, beaver, and quadru- 
peds of other genera, referable to about forty species, all of which 
are extinct. I formerly supposed them to belong to the same era as 
the Miocene faluns of Touraine ; but more recent researches seem 
to show that they ought rather to be ascribed to the older Pliocene 
epoch. 

Whatever be their date in the tertiary series, they are quadrupeds 
which inhabited the country when the formations o and 5 c ori- 
ginated. Probably they were drowned during floods, such as rush 
down the flanks of volcanos during eruptions, when great bodies of 
steam arc emitted from the crater, or when, as we have seen, both on 
Etna and in Iceland in modern times, large masses of snow are sud- 
denly melted by lava, causing a deluge of water to bear down frag- 
ments of igneous rocks mixed with mud to the valleys and plains 
below. 

It will be seen that the valley of the Issoire, down which these 
ancient inundations swept, was first excavated at the expense of the 
formations 2, 3, and 4, and then filled up by the masses 5 and 5 c, 
after which it was re-excavated before the more modern alluviums 
(Nos. 6 and 7.) were formed. In these again other fossil mammalia 
of distinct species have been detected by M. Bravard, the bones of 
an hippopotamus having been found among the rest. 

At length, when the valley of the Allicr was eroded at Issoire 
down to its lowest level, a talus of angular fragments of basalt and 
freshwater limestone (No. 8.) was formed, called the bone-hod of the 
Tour de Boulade, from which a great many other Newer Pliocene 
mammalia have been collected by MM. Bravard and Pomel. 
Among these, the Elephas primigenius, Rhinoceros tichorimfs, 
Deer (including rein-deer), EqnuSy Dos, Antelope, Fells, and Cards 
were included. Even this deposit seems hardly to be the newest 
in the neighbourhood, for if we cross from the town of Issoire 
(see fig. 728.) over Mont Perrier to the adjoining valley of the 
Couze, we find another bone-bed (No. 9.) overlaid by a current of 
lava (No. 10.). 

The history of this lava-current, which terminates a few hundred 
yards below the point, No. 10., in the suburbs of the village of 
Nechers, is interesting. It forms a long narrow stripe more than 1.3 
miles in length, at the bottom of the valley of the Couze, which 
flows out of a lake at the foot of Mont Dor. This lake is caus( 3 d 
by a barrier thrown across the ancient channel of the Couze, 
consisting partly of the volcanic cone called the Puy do Tartarct, 
formed of loose scorise, from the base of which has issued the lava- 
current before mentioned. The materials of the dam which blocked 
up the river, and caused the Lac de Chambon, are also, in part, de- 
rived from a landslip which may have happened ut the time of the 
great eruption which formed the cone. 

This cone of Tartaret affords au impressive monument of the very 



Cb. XXXII.] 


VOLCANOS OF AUVEKGNE. 


681 


different dates at which the igneous eruptions of Auvergne have 
happened ; for it was evidently thrown up at the bottom of the exist- 
ing valley, which is bounded by lofty precipices composed of sheets 
of ancient columnar trachyte and basalt, which once flowed at very 
high levels from Mont Dor.* 

When we follow the course of the river Couze, from its source in 
the lake of Chambon to the termination of the lava-current at 
Ncchers, a distance of thirteen miles, we find that the torrent has in 
most places cut a deep channel through the lava, the lower portion of 
which is columnar. In some narrow gorges the water has even had 
power to remove the entire mass of basaltic rock, though the work 
of erosion must have been very slow as the basalt is tough and 
hard, and one column after another must have been undermined 
and reduced to pebbles, and then to sand. During the time re- 
quired for this operation, the perishable cone of Tartaret, composed 
of sand and ashes, has stood uninjured, proving that no great flood 
or deluge can have passed over tJiis region in the interval between 
the eruption of Tartaret and our own times. 

If we now return to the section (fig. 728.), I may observe that the 
lava-current of Tartaret, wliicli has diminished greatly in height and 
volume near its termination, presents here a steep and perpendicular 
face 25 feet in height towards the river. Beneath it is the alluvium 
No. 9., consisting of a red sandy clay, which must have covered the 
bottom of the valley when the current of molted rock flowed down. 
The bones found in this alluvium, Avhich I obtained myself, consisted 
of a species of field-mouse, Arvicola^ and the molar tooth of an ex- 
tinct horse, /ossilis, The other species, obtained from the 

same bed, are referable to the genera Sus^ Bos, Cervus, Felts, Cams, 
Maries, Talpa, Sorex, Lepus, Sciurus, Mas, and Layomps, in all no 
loss than forty-three species, all closely allied to recent animals, yet, 
nearly all of them, according to M. Bravard, showing some points of 
difference, like those which Mr. Owen discovered in the case of the 
horse above alluded to. The bones also of a frog, snake, and lizard, 
and of several birds, were associated with tlio fossils before enu- 
merated, .and several recent land-shells, such as Cyclostoma elegans. 
Helix liortensis, //. nemoralis, H, lapicida, and Claitsilia rugosa. If 
the animals were drowned by floods, which accompanied the eruptions 
of the Puy de Tartaret, they would give .an exceedingly modern 
geological date to that event, which must, in that case, have belonged 
to the end of the Newer Pliocene, or, perh.aps, to the Post-pliocene 
period. That the current which has issued from- the Puy de Tartaret 
may, nevertheless, bo very ancient in reference to the events of human 
history, wo may conclude, not only from the divergence of themam- 
miferous fauna from that of our day, but from the fact that a Roman 
bridge of such form and construction as continued in use down to 
the fifth century, but Avhicli may be older, is now seen at a place 

* For a view of Puy dc Tartaret and Mont Dor, sec Scrope’s Volcanos of 
Central France. 
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about a mile and a half fiom St. Nectaire. This ancient bridge 
spans the river Couzc with two arches, each about 14 feet wide. 
These arches spring from the lavaof Tartaret, on both banks, show- 
ing that a ravine precisely like that now existing, had already been 
excavated by the river through that lava thirteen or fourteen cen- 
turies ’ago. 

In Central France there are several hundred minor cones, 'like that 
of Tartaret, a great number of which, like Monte Nuovo, near Naples, 
may have been principally due to a single eruption. JMost of tJiese 
cones range in a linear direction from Auvergne to theVivarais, and 
they were faithfully doscrib(‘d so early as the year 1802, by M. de 
Montlosier. They have given rise chieily to currents of basaltic 
lava. Those of Auvergne called the Monts Dome, placed on a gra- 
nitic platform, form an irregular ridge (see fig. 624. p. about 18 

miles in length and 2 in breadth. They are usually truncated at 
the summit, wliere the crater is often preserved entire, the lava having 
issued from tlie base of the hill. But frecpiently the crat(*r is brokei. 
down on one side, where tlie lava has flowed out. The hills are eoni- 
posed of loose scoria', blocks of lava, lapilli, and pozzuolana, with 
fragments of trachyte and granite. 

Puy de Come . — The Puy de Come and its lava-current, near 
Clermont, may be mentioned as one of these minor volcanos. Tliis 
conienl hill ri^es from the granitic platform, at an angle of between 
.30^ and 40°, to the height of more than 900 feet. Its summit jire- 
sents two distinct craters, one of them with a vertical depth of 2o0 
feet. A stream of lava lakes its rise at the western has(^ of the hill 
instead of issuing from either crater, and dijsccnds tlie granitic slope 
towards the present site of the town of Pont Gibaud. Thence it 
pours in a broad sheet down a steep dijclivity into the valley of the 
Sioule, lining the ancient river-channel for the distance of more than 
a mile. Tlie Sioule, thus dispossessed of its bed, has worked out a 
fresh one between the lava and the granite of its western bank ; and 
the excavation lias disclosed, in one spot, a wall of columnar basalt 
about 50 feet high.* 

The excavation of the ravine is still in progress, every winter some 
columns of basalt being undermined and carried down the channel 
of the river, and in the course of a few miles rolled to sand and 
pebbles. Meanwhile the cone of Come remains unimpaired, its 
loose materials being protected by a dense vegetation, and the hill 
standing on a ridge not commanded by any higher ground, so that 
no floods of rain-water can descend upon it. There is no end to the 
waste which the hard liasalt may undergo in future, if the physical 
geography of the country continue unchanged, no limit to the number 
of years during which the heap of incoherent and transportable 
materials called the Puy de Come may remain in a stAtionary con- 
dition. In this place, therefore, wc behold in the results of aqueous 
and atmospheric agency in past times, a counterpart of what wo 
must expect to recur in future ages. 

* Scropc’s Central France, p. 60, and plate. 
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Lava of Chaluzet , — At another point, farther down the course of 
the Sioule, we find a second illustration of the same phenomenon in 
the Puy Rouge, a conical hill to the nortli of the village of Pranal. 
The cone is composed entirely of red and black scoriae, tuff, and vol- 
canic bombs. On its western side, towards the village of Chaluzet, 
tliere is a worn-down crater, whence a powerful stream of lava has 
issued, and flowed into the valley of the Sioule. The river has since 
excavated a ravine through the lava and subjacent gneiss, to the 
dejith in some jdaces of 400 feet. 

On the upper part of the precipice forming the left side of this 
ravine, we see a great mass of black and red scoriaceous lava be- 
coming more and more columnar towards its base. (See fig. 729.) 

Im!?. 7.f9. 


a. Scoriaceous lava 

b. Cdlumnar b.is.'ilt. 
r. Oravfl. 

D. Ancient miniinj 
palb^ry. 

E Pat ii way. 

/. Gaeiss. 



Lava •current of Chaluzet, Auvergne, near its termination.* 

Below this is a bed of sand and gravel 3 feet thick, evidently an 
ancient river-bed, now at an elevation of 25 feet above the channel 
of the Sioule. Tliis gravel, from which water gushes out, rests upon 
gneiss,^ which has been eroded to the depth of 25 feet at the point 
where the annexed view is taken. At d, close to the village of Les 
Coinbres, the entrance of a gallery is seen, in which lead has been 
worked in the gneiss. This mine shows that the pebble-bed is con- 
tinuous, in a horizontal direction, between the gneiss and the volcanic 
mass. Here again it is quite evident, that, while the basalt was gra- 
dually undervnined and carried away by the force of running water, 
the cone whence the lava issued escaped destruction, because it stood 
upon a platform of gneiss several hundred feet above the level of the 
valley in which the force of running water was exerted. 

• Lycll and Murchison, Ed. New Phil. Journ., 1829. 
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Piiy de Parioii , — The brim of the crater of the Puy de Pariou, 
near Clermont, is so sharp, and has been so little blunted by time, 
that it scarcely affords room to stand upon. This and other cones 
in an equally remarkable state of integrity have stood, I conceive, 
uninjured, not in spite of their loose porous nature, As might at first 
be naturally supposed, but in consequence of it. No rills can collect 
where all the rain is instantly absorbed by the sand and scoria3, as 
is remarkably the case on Etna ; and nothing but a waterspout break- 
ing directly upon the Puy de Pariou could carry away a portion of 
the hill, so long as it is not rent or cngulphed by earthquakes. 

Hence it is conceivable that even those cones which have the 
freshest aspect and most perfect shape may lay claim to very high 
antiquity. Dr. Daubeny has justly observed, that had any of these 
volcanos been in a state of activity in tlie age of Julius Caesar, that 
general, who encamped upon the plains of Auvergne, and laid siege 
to its principal city (Gergovia, near Clermont), could hardly have 
failed to notice them. Had there been any record of their eruptions 
in the time of Pliny or Sidonius Apollinaris, the one would scarcely 
have omitted to make mention of it in his Natural History, nor the 
other 10 introduce some allusion to it among the descriptions of this 
his native province. This poet’s residence was on the borders of the 
Lake Aidat, which owed its very existence to the damming up of a 
river by one of the most modern lava-currents.* 

Plornb du CantaL — In regard to the age of the igneous rocks of 
the Cantal, w'e can at present merely affirm, that they overlie the 
Lower Miocene lacustrine strata of that country, wliicli may he 
partly Upper Eocene and partly Lower Miocene (see Map, p. 219.). 
They form a great dome-shaped mass, having an average slope of 
only 4^, which has evidently been accumulated, like the cone of 
Etna, during a long series of eruptions. It is composed of trachytic, 
phoiiolitic, and basaltic lavas, tutls, and conglomerates, or breccias, 
forming a mountain several thousand feet in height. Dikes also of 
phonolite, trachyte, and basalt are numerous, especially in the neigli- 
bijurhood of the large cavity, probably once a crater, around which 
the loftiest summits of the Cantal are ranged circularly, few of them, 
except the Plomb du Cantal, rising far above the border or ridge of 
this supposed crater. A pyramidal hill, called the Puy Griou, occu- 
pies the middle of the cavity.f It is clear that the volcano of the 
Cantal broke out precisely on the site of the lacustrine deposit be- 
fore described (p. 227.), which had accumulated in a depression of a 
tract composed of micaceous schist. In the breccias, even to the 
very summit of the mountain, we find ejected masses of the fresh- 
water beds, and sometimes fragments of flint, containing Lower 
Miocene shells. Valleys radiate in all directions from the central 
heights of the mountain, increasing in size as they recede from those 
heights. Those of the Cer and Jourdanne, which are more than 20 
miles in length, are of great depth, and lay open the geological struc- 

* Daubeny on Volcanos, p. 14. 

t Mem. de la Sue. Geol. de France, tom. i. p. 175. 
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turo of the mountain. No alternation of lavas with undisturbed lacus- 
trine strata has been observed, nor any tuffs containing freshwater 
shells, although some of these tuffs include fossil remains of terrestrial 
plants, said to imply several distinct restorations of the vegetation 
of the mountain in the intervals between great eruptions. On the 
northern side of the Plomb du Cantal, at La Vissiere, near Murat, is 
a spot, pointed out on the Map (p. 219.), where freshwater limestone 
and marl are seen covered by a thickness of about 800 feet of 
volcanic rock. Shifts are here seen in the strata of limestone and 
marl.* 

In treating of the Lacustrine deposits of Central France, in the 
fifteenth chapter, it was stated that, in the arenaceous and pebbly 
group of the lacustrine basins of Auvergne, Cantal, and Velay, no 
volcanic pebbles had ever been detected, although massive piles of 
igneous rocks are now found in the immediate vicinity. As this 
observation has been confirmed by minute research, we are warranted 
ill inferring that the volcanic eruptions had not commenced when 
the older subdivisions of the freshwater groups originated. 

In Cantal and Velay no decisive proofs have yet been brought to 
light that any of the igneous outbursts happened during the depo- 
sition of the freshwater strata ; but there can bo no doubt that in 
Auvergne some volcanic explosions took place before the drainage 
of the lakes, and at a time when the Lower Miocene species of animals 
and plants still flourished. Thus, for example, at Pont du Chateau, 
near Clermont, a section is seen in a precipice on the right bank of 
the river Allier, in which beds of volcanic tuff alternate with a fresh- 
water limestone, which is in some places pure, but in others spotted 
with fragments of volcanic matter, as if it were deposited while 
showers of sand and scoriae were projected from a neighbouring 
vent.j* 

Another example occurs in the Puy de Marmont, near Veyres, 
where a freshwater marl alternates with volcrinic tuff containing 
]\Iioccne shells. The tuff or breccia in this locality is precisely such 
as is known to result from volcanic ashes falling into water, and sub- 
siding together with ejected fragments of marl and other stratified 
rocks. These tuffs and marls are highly inclined, and traversed by 
a thick vein of basalt, which, as it rises in the hill, divides into two 
branches. 

Gergovia , — The hill of Gergovia, near Clermont, affords a third 
example. I agree with MM. Dufienoy and Jobert that there is no 
alternation here of a contemporaneous sheet of lava with freshwater 
strata, in tlie manner supposed by some other observers f ; but the 
position and contents of some of the associated tuffs }»rove them to 
have been derived from volcanic eruptions which occurred during the 
deposition of the lacustrine strata. 

The bottom of the hill consists of slightly inclined beds of white 

♦ See Lycll and Murchison, Ann. de Sci. Nat., Oct. 1829. 

t See Sempe’s Central France, p. 21. 

+ !Seo Ibid., p. 7. 
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and grcoiiisli marls, more than IlOO foot in tliiokncss, intcrsootod hy a 
dike of basalt, which may he studied in the ravine above the villag(» 
of !Mordogne. The dike here cuts through the marly strata at a con- 
siderable angle, producing, in general, gri*at alteration and confusion 
ill them for some distance from the point of contact. Above the 
white and green marls, a series of beds of limestone and marl, con- 
taining freshwater shells, are seen to alternate with volcanic tuff. 
Ill the lowest part of this division, beds of pure marl alternate with 
compact fissile tuff, resembling some of the subaqueous tuffs of Italy 
and Sicily called pcpcrinos. Occasionally fragments of scoria} are 
visible in tliis rock. Still higher is soon anollicr group of some 
thickness consisting exclusively of tuff, upon which lie other marly 
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strata intermixed with volcanic matter. Among tlic spf'cies of fossil 
shells which I found in these strala wore Melania inqvinata, a Unio, 
and a Melanopsis, but they w(*re not sulliciont to enable me to deter- 
iiiiiKi with precision the age of the formation. 

There are many points in Auvergne where igneous rocks have 
be(?n forced liy snbseriuent injection tlirougli clays and marly lime- 
stones, in such a inann(*r that the whole has become blended in one 
confused and brectrisited mass, between which and the basalt there is 
sometimes no very distinct line of demarcation. In the cavities of 
such mix<}d rocks we often find calccdony, and crystals of rnesotyp**, 
stilbi^e, and arragonitc. To formations of this class may belong 
some of the breccias immediately adjoining the dike in the hill of 
Gergovia ; but it cannot be eonteiided that the volcanic sand and 
scoriffi interstratified with tlie marls and limestones in the upp(‘r 
part of that hill were introduced, like the dike, subsequently, by 
intrusion from below. They mu.«it have l)ecn thrown down like 
sediment from w^atcr, and can only have resulted from igneous action, 
which was going on contemporaneously with the deposition of the 
Jacustrine strata. 

The reader will bear in mind that this conclusion agrees well with 
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the proofs, adverted to in the fifteenth chapter, of the abundance of 
silox, inivcrlin, and f^ypsurn precipitated whoii the upper lacustrine 
strata were formed ; for these rocks are such as the waters of mineral 
and thermal springsmiight generate. 

Eocviit Volcanic Rocks , — The fissile limestone of Monte Bolca, 
near Verona, has for many centuries been celebrated in Italy for the 
number of perfect I(dithyolites which it contains. Agassiz has de- 
scribed no less than lt33 species of fossil fish from this single deposit, 
and the multitude of individuals by which many of the species are 
represented, is attested by the variety of specimens treasured up in 
the principal museums of Europe. They have been all obtained 
from (quarries worked exclusively by lovers of natural history, for 
the sake of the fossils. Had the lithographic stone of Solenhofen, 
now regarded as so rich in fossils, been in like manner quarried 
solely for scientific objects, it would have remained almost a 
sealed book to paloeontologists, so sparsely are the organic re- 
mains scattered through it. I visited Monte Bolca in company 
with Sir lloderick JMurchison in 1828, and we then satisfied our- 
selves that the lish-bearlng strata formed part of the Eocene 
rocks of the adjacent Vicentiue : we also ascertained that the 
associated volcanic products, consisting chiefly of peperino or 
brown basaltic tuff, were contemporaneous and interstrati fied with 
marine deposits charged with the same fossils as those which cha- 
racterize the Middle Eocene group of Monte Bolca. In some of the 
tuffs nummulites are met with, and two species, NmmniiUtes globulus 
and jV. inille-cnput^ were obtained by Sir R. Murchison in a subse- 
quent visit from beds intervening between those which yield the chief 
supply of fossil fish. We observed dikes of basalt cutting through 
vast masses of the peperino in jMonte Postale, which adjoins Monte 
Bolca. There is evidence here of a long series of submarine volcanic 
eruptions of Eocene date, and during some of them, as Sir R. Mur- 
chison has suggested, shoals of fish were probably destroyed by the 
evolution of heat, noxious gases, and tufaceous mud, just as 
hai)pencd when Graham’s Island was thrown up between Sicily and 
Africa in 1831, at which time the waters of the Mediterranean were 
seen to be charged with red mud, and covered with dead fish over 
a wide area.f 

Associated with the marls and limestones of Monte Bolca are beds 
containing lignite and shale with numerous plants, which have been 
described by Unger and Massalongo, and referred by them to the 
Eocene period. I have already cited (p. 288.) PTOfessor Heer’s 
remark, that several of the species are common to !Monte Bolca and 
the white clay of Alum Bay, a Middle Eocene deposit ; and the same 
botanist dwells on the tropical character of the flora of Monte Bolca 
and its distiiy?,tness from the subtropical flora of the Lower Miocene 
of Switzerland and Italy, in which last there is a far more con- 
siderable mixture of forms of a temperate climate, such as the 

* Murcliison, on the Structure of the t Ti inciplos of Geology, chap, xxvi., 
Alps, Quart. Gcol. Jouru., vol. v. p. 225. 9th cd., p. 432. 
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willow, poplar, birch, elm, and others. All these are wanting at 
Monte Bolca, while on the other hand the coniform are represented 
by five species of Podocarpus^ the Dicotyledons by the fig and 
sandal-wood tribe, and by some Proteace(e, There are also many 
tropical forms of Leguminosce, together with fan-palms, and a palm 
allied to the cocoa-nut with its fruit ; also, according to Massalongo, 
an orchideoiis epiphyte. That scarcely any one of the Monte Bolca 
fish should have l)oeii found in any other locality in Europe, is a 
striking illustration of the extreme imperfection of the palaeonto- 
logical record. We arc in the habit of imagining that our insight 
into the geology of the Eocene period is more than usujilly perfect, 
and we are certainly acquainted with an almost unbroken succes- 
sion of assemblages of shells passing one into the other from the era 
of the Thaiiet sands to that of the Bemhridge beds or Paris gypsum. 
The general dearth, therefore, of fish might induce a hasty reasoner 
to conclude that there was a poverty of ichthyic forms during this 
long period ; but when a local accident, like the volcanic eruptions 
of ^lonte Bolca, occurs, proofs are suddenly revealed to us of the 
richness and variety of this great class of vertebrata in the Eocene 
sea. The number of genera of Monte Bolca fish is, according to 
Agassiz, no less than seventy-five, twenty of them peculiar to that 
locality, and only eight common to the antecedent Cretaceous period. 
No less than forly-seven out of the seventy-five genera m.ake their 
appearance for the first time in the Monte Bolca rocks, none of tliem 
having been met with as yet in the antecedent formations. They 
form a great contract to the fish of tlie secondary period, as, with the 
exception of the Plaeoids, they are all Teleosteaiis, only one genus, 
Pgcnodtts, belonging to the order of Ganoids, which form, as be- 
fore stated, the vast majority of the ichthyolites entombed in the 
secondary rocks. 

Cretaceous period , — Although we have no proof of volcanic rocks 
erupted in England during the deposition of the chalk and greensand, 
it would he an error to suppose that no theatres of igneous action 
existed in the cretaceous j)eriod. M. Virlet, in his account of the 
geology of the Morea, p. 20.3., has clearly shown that certain traps 
in Greece, called by Ijiiii opliiolites, are of this date ; as those, for 
exam])le, whicli altei-iiate conformably with cretaceous limestone and 
greensand between Kastri ajid Damala in the Morea. They consist 
in great part of diallage rocks and serpentine, and of an amygdaloid 
with calcareous kernels, and a base of serjientiiie. 

In certain parts of tlje Morea, the age of these volcanic rocks is 
e.<tablished by the following proofs : first, the lithographic limestones 
of the Cretaceous era are cut through by trap, and then a conglo- 
merate occurs, at Naupila and other places, containing in its calcareous 
cement many well-known fossils of the chalk andgreen§,aiid, together 
with pebbles formed of rolled pieces of the same ophiolite, which 
appear in the dikes above alluded to. 

Period of Oolite and Lias * — ^Although the green and serpentinous 
trap rocks of the Morea belong chiefly to the Cretaceous era, as 
before mentioned, yet it seems that some eruptions of similar rocks 
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began during the Oolitic period*; and it is probable that a large 
part of the traj)pean masses, called ophiolites in tlie Apennines, and 
associated with tlie limestone of that chain, are of corresponding age. 

That some part of the volcanic rocks of the Hebrides, in our own 
country, originated contemporaneously with the Oolite which they 
traverse and overlie, has been ascertained by Prof. E. Forbes, in 
I8/)0. Some of the eruptions in Skye, for example, occurred at the 
close of the Middle and before the commencement of the Upper 
Oolitic period. I 

Trap of the New Red Sandstone period , — In the southern part of 
Devonshire, trappean rocks are associated with New Red Sandstone, 
and, according to Sir 11. De laBeche, have not been intruded subse- 
quently into the sandstone, but were produced by contemporaneous 
volcanic action. Some beds of grit, mingled with ordinary red marl, 
rosenibh? sands ejected from a crater; and in the stratified conglo- 
merates occurring near Tiverton are many angular fragments of trap 
porphyry, some of th(*m one or two tons in weight, intermingled with 
pebbles of other rocks. These angular fragments "were probably 
tlirown out from volcanic vents, and fell upon sedimentary matter 
then in the coui*se of deposition. f 

Carboniferous period, — Two classes of contemporaneous trap 
rocks were ascertained by Dr. Fleming to occur in the coal-field 
of the Forth in Scotland. The newest of these, connected with the 
liigher series of coal-measures, is well exhibited along the shores of 
the Forth, in Fifeshire, where they consist of basalt ’with olivine, 
amygdaloid, greenstone, wacke, and tuff. Tliey appear to have been 
erupted while tlie sedimentary strata w^ere in a horizontal position, 
and to have suffered the same dislocations ’which those strata have 
subsequently undergone. In the volcanic tuffs of this age are found 
not only fragments of limestone, shale, flinty slate, and sandstone, 
but also pieces of coal. 

The other or older class of carboniferous traps are traced along 
tlie south margin of Stratheden, and constitute a ridge parallel w^itli 
tii(‘ Ochils, aiui extending from Stirling to near St. Andrews. They 
consist almost exclusively of greenstone, becoming, in a few instances, 
earthy and amygdaloidal. They are regularly interstrati fled witJi 
the samlstone, shale, and ironstone of the loAver Coal-measures, and, 
on the East Lomond, with Mountain Limestone. 

I examined these trap rocks in 1838, in the cliffs south of St. An- 
drcAvs, where they consist in great part of stratified tuffs, which are 
curved, vertical, and contorted, like the associated coal-measures. In 
tlie tuff I found fragments of carboniferous shale and limestone, and 
intersecting veins of greenstone. At one spot, about two miles from 
St. Andrews, thq||pncroachment of the sea on the cliffs has isolated 
several masses* of trap, one of which (fig. 731.) is aptly called the 

* Roblayc and Virlct, Morea, p. 23. J De la Bcche, Geol. Proceedings, 

t Geol. Quart. Joiirn., 1851, vol. vii. vol. ii. p. 198. 

P. 108. 
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Fig. 731. 



Rock aiui bpiiidle, bt. Andre\^d, aa boeii lu l)s38. 

«. unstratified tuff. b. columnar grpfnstone. (fi stratified tuff. 


Fig. 73*i. 



Coluiniiis of (irpcn. 
stone, seen end wise 
at A, fig. 731. 


“ rock and spindle,” * for it consists of a pinnacle 
of tulT, which may he compared to a disitalf, and 
near the base is a mass of columnar greenstone, 
in which the pillars radiate from a centre, and ap- 
pear at a distance like the spokes of a wlieel. The 
largest diameter of this whe# is about twelve 
feet, and the polygonal terminations of the co- 
lumns are seen round the circumference (or tire, 
as it were, of the wheel), as in the accoinpnny- 


♦ “ The Hock,” as Engli.sh readers of lUirns\s poems may remember, is a 
Scotch t'.-rm for a dibtafl’. 
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ing figure. I conceive this mass to be the extremity of a string 
or vein of greenstone, which penetrated the tuff. The prisms 
point in every direction, because they were surrounded on all sides 
by cooling surfaces, to which they always arrange themselves at 
right angles, as before explained (p. 611.). 

A trap dike was pointed out to me by Dr. Fleming, in the parish 
of Flisk, ill the northern part of Fifeshire, which cuts through the 
grey sandstone and shale, forming the lowest part of the Old Red 
Sandstone, but which may probably be of carboniferous date. It 
may be traced for many miles, passing through the aniygdaloidal 
and other traps of the hill called Norman's Law. In its course it 
affords a good exemplification of the passage from the trappean into 
tljc plutonic, or highly crystalline texture. Professor Gustavus 
Rose, to whom I submitted specimens of this dike, finds the rock, 
v'hich he calls dolerite, to consist of greenish black augite and La- 
brador felspar, the latter being the most abundant ingredient. A 
small quantity of magnetic iron, perhajis titaniferous, is also present. 
The result of this analysis is interesting, because both the ancient 
and modern lavas of Ktna consist in like manner of augite, Labra- 
dorite, and titaniferous iron. 

Trap of the Old lied Sandstone period . — By referring to the 
section explanatory of the structure of Forfarshire, already given 
(p. 48.), the reader will ])erceive that beds of conglomerate, No. 3., 
occur in the middle of the Old Red Sandstone system, 1, 2, 3, 4. 
The pebbles in these conglomerates are sometimes composed of 
granitic and quartzose rocks, sometimes exclusively of different 
varieties of trap, which last, although purposely omitted in the sec- 
tion referred to, is often found either intruding itself in amorj»hous 
masses and dikes into the old fossiliferous tilestones, No. 4., or 
alterjiating with them in conformable beds. All the different 
divisions of the red sandstone, 1, 2, 3, 4., are occasionally inter- 
sected by dikes, but they are very rare in Nos. 1. and 2., the upper 
members of the group consisting of red shale and red sandstone. 
Tliese phenomena, which occur at the foot of the Gram])iaus, are 
repeated in the Sidlaw Hills ; and it appears that in this part of 
Scotland volcanic eruptions were most frequent in the earlier part 
of the Old Red Sandstone period. 

The trap rocks alluded to consist chiefly of felspathic porphyry 
and amygdaloid, the kernels of the latter being sometimes calca- 
reous, often calcedonic, and forming beautiful agates. We meet 
also with claystoiie, clinkstone, greenstone, compact felspar, and 
tuff. Some of these rocks flowed as lavas over the bottom of the 
sea, and enveloped quartz pebbles which wore lying there, so as to 
form conglomcM’atcs with a base of greenstone, as is seen in Lumlev 
Den, in the ^idhiw Hills. On either side of the axis of this chain ol 
hills (see section, p. 48.), the beds of massive trap, and tlie tutfs 
composed of volcanic sand and asbes, dip regularly to the soutli-eas 
or north-west, conformably with the shales and sandstones. Bu 
the geological structure of the Pciitland Hills, near Edinburgh, show 

T Y 2 
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that igneous rocks were there formed during the newer part of the 
Devonian or “Old lied” period. These hills are 1900 feet high 
above the sea, and consist of conglomerates and sandstones of Upper 
Devonian age, resting on the inclined edges of grits and slates of 
Lower Devonian and Upper Silurian date. The contemporaneous 
volcanic rooks intercalated in this Upper Old Red consist of felspathic 
lavas, or felstones, with associated tuffs or ashy beds. The lavas 
were some of them originally compact, others vesicular, and these 
last have been converted into araygdaloids. They consist chiefly of 
felstone or compact felspar. The Pentland Hills, say Messrs. Mac- 
laren and Geikie, afford evidence that at the time of the Upper 
Old iftd Sandstone, the district to the south-west of Edinburgh was 
for a long while the seat of a powerful volcano, which sent out 
massive streams of lava and showers of ash, and continued active 
until well-nigh the dawn of the Carboniferous period.* 

Silurian period , — It appears from the investigations of Sir R. 
Murchison in Shropshire, that when the lower Silurian strata ( f 
that country were accumulating, there were frequent volcanic 
eruptions beneath the sea ; and the ashes and scoriae then ejected 
gave rise to a peculiar kind of tufaceous sandstone or grit, dissimilar 
to the other rooks of the Silurian series, and only observable in 
places where ''vcnitic and other trap rocks protrude. These tuffs 
occur on the Hanks of the Wrekiii and Caer Caradoc, and contain 
Silurian fossils/ such as casts of encrinites, trilobites, and molusca. 
Although fossiliferous, the stone resembles a sandy claystonc of the 
trap family.j 

Thin layers of trap, only a few inches thick, alternate in some 
parts of Shropshire and on tgomery shire with sedimentary strata 
of the lower Silurian system. This trap consists of slaty ])or|)hyry 
and granular felspar rock, the beds being traversed by joints like 
those in the associated sandstone, limestone, and shale, and having 
the same strike and dip.J 

In Radnorshire there is an example of twelve bands of stratified 
trap, alternating with Silurian schists and flagstones, in a thickness 
of 350 feet. The bedded traps consist of felspar porphyry, clink- 
stone, and other varieties ; and the interposed Llandeilo flags are of 
sandstone and shale, with trilobites and graptolites.§ 

The Snowdonian hills in Caernarvonshire consist in great part of 
volcanic tuff’s, the oldest of which are interstratified with the llala 
limestone and slate. There are some contemporaneous felspathic 
lavas of this era, which, says Professor Ramsay, alter the slates on 
which they repose, having doubtless been poured out over them, in a 
melted state, whereas the slates which overlie them having been 
subsequently deposited after the lava had cooled and consolidated, 
have entirely escaped alteration. But there are greenstones asso- 

* Maclaron, Geology of Fife and p. 2.30. 

Lothians. Geikie, Trans. Royal Soc. t Ibid., p. 212. 

Edinburgh, 1860-1861. § Ibid., p. 325. 

t Murchison, Silurian System, &c., 
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ciated with tlio same formation, which, although they are often 
conformable to the slates, are in reality intrusive rocks. They alter 
the stratified deposits both above and below them, and when traced 
to great distances, are sometimes seen to cut through tlie slates, and 
to send off branches. Nevertheless, these greenstones appear to 
belong, like the lavas, to the Lower Silurian period. 

Cambrian Volcanic Rocks , — The Lingula beds in North Wales 
have been described as 7000 feet in thickness. In the upper 
portion of these deposits, volcanic tuffs or ashy materials are inter- 
stratified with ordinary muddy sediment, and here and there asso- 
ciated with thick beds of felspathic lava. These rocks form the 
mountains called the Aruns and the Areiiigs ; numerous greenstones 
are associated with them, wliich are intrusive, although they often 
run ill the lines of bedding for a space. “Much of the ash,” say^ 
Trofessor Ramsay, “ seems to have been sub-aerial. Islands, like 
Graham’s Island, may have sometimes raised their craters for various 
periods above the water, and by the waste of such islands some of 
the ashy matter became waterworn, whence the assliy conglomerate. 
Viscous matter seems also to have been shot into the air as volcanic 
bombs, which fell among the dust and broken crystals (that often 
iurm the ashes) before perfect cooling and consolidation had taken 
place.” * 

iMurentian Volcanic Rocks . — The Laureiitian rocks in Canada, 
especially in Ottawa and Argeutcuil, are the oldest intrusive masses 
yet known. They form a set of dikes of a fine-grained dark green- 
stone or dolcrite, composed of felspar and pyroxcene, with occasional 
scales of mica and grains of pyrites. Their width varies from a few 
feet to a hundred yards, and they have a columnar structure, the 
columns being truly at right angles to the plane of the dike. Some 
of the dikes send off branches. These dolerites are cut through by 
intrusive syenite, and this syenite, in its turn, is again cut and 
penetrated by felspar porphyry, the base of which consists of petixi- 
silex, or a mixture of ortlioclase and quartz. All these trap rocks 
appear to be of Laurentiau date, for the lowest fossiliferous rocks, 
i?uch as the C'ambrian or Potsdam sandstone, overlie eroded portions 
of them.f Whether some of the various conformable crystalline 
rocks of the Laurentiau series, such as tlie coarse-grained granitoid 
and porphyritic varieties of gneiss, exhibiting scarcely any signs 
of stratification, some of the serpentines, may not also be of vol- 
canic origin, is a point very diificult to determine in a region which 
has undergone so much metamorphic action. 

* Gcol. Quart. Journ., vol. ix. p. 170., 185:3. 

t Logan, Geology of Canada, 1803. 
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CHAPTER XXXni. 

PLUTONIC ROCKS — GRANITE. 

General aspect of "ranite — I'lccomposing into j.phericiil masses— Rude columnar 
structure — Analogy and difference of volcanic and pliitonic formations — IMinerals 
in granite, and their arrangement — Graphic and porphyritic granite — Mutual 
penetration of crystals of ijuartz and felspar — Occasional minerals — Syenite — 
Syenitic, talcose, and schorly granites — Euritc — Passage of granite into trap — 
Examples near Christiania and in Aberdeenshire — Analogy in composition of 
trachyte and granite — Granite veins in Glen Tilt, Cornwall, the Valorsine, and 
other conntrii'S — Different com|X)sithm of veins from maiu body of granite - 
Metalliferous veins in strata near their junction with granite — Apparent isolatio.i 
of nodules of granite — Quartz veins — Whether plutoiiic rocks are ever over- 
lying — Their exposure at the surface due to denudation. 

The plutonic rocks may bo treated of next in order, as they are 
most nearly allied to the volcanie class already considered. I have 
described, in the first chapter, these plutonic rocks as the iinst ra- 
tified division of the crystalline or hypogene formations, and liavtj 
stated that they dilfer from the volcanic rocks, not only by their 
more ery^tiilliiie texture, but also by the absence of tufts and 
breccias, which are the 2>rodncts of eruptions at the earth’s surface, 
or beneath seas of inconsiderable depth. They differ also by the 
absence of pores or cellular cavities, to which the expansion of the 
entangled gases gives rise in ordinary lava. From tliese and other 
peculiarities it has been inferred, that the granites have been formed 
at considerable depths in the earth, and have cooled and crystallized 
slowly under great pressure, where the contained gases could not 
expand. The volcanic rocks, on the contrary, although they also 
have risen np from below, have cooled from a melted state more 
rapidly upon or near the surface. From this hypothesis of the 
great dci)th at which the granites originated, has be(;n derived the 
name of “ Plutonic rocks.” The beginner Avill easily conceive that 
the influence of subterranean heat may extend downwards from the 
crater of every active volcano to a great depth below, jx'rhaps 
several miles or leagues, and the eff(*cts which arc produced deep in 
the bowels of the earth may, or ratlicr must, be distinct; so that 
volcanic and plutonic rocks, eacli different in texture, and sometimes 
even in comjjosition, may originate simultaneously, the one at the 
surface, the other far beneath it. „ 

By some writers, all the rocks now under consideration have been 
comprehended under the name of granite, which is, then, understood 
to embrace a large family of crystalline and compound rocks, usually 
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found imderlyinnr all otlier formations ; whereas we have seen that 
trap very commonly overlies strata of different ages. Granite often 
preserves a very uniform character throughout a wide range of 
territory, forming hills of a peculiar rounded form, usually clad with 
a scanty vegetation. The surface of the rock is for the most part in 
a crumbling state, and the hills are often surmounted by piles of 
stones like the remains of a stratified mass, as in the annexed figure, 


F«tf. 733. 



M.i»s of ^r.iiiite iirar tliu Sharp lor, Cornwall. 


and sometimes like heaps of boulders, for which they have been 
mistaken. The (*xtcriur of these stones, originally quadrangular, 
acquires a rounded form by the action of air and water, for the 
edges and angles waste away more rajiidly than the sides. A 
similar spherical structure has already been described as charac- 
teristic of basalt and other volcanic formations, and it must be re- 
ferred to analogous causes, as yet but imperfectly understood. 

Although it is the general peculiarity of granite to assume no 
definite shapes, it is nevertheless occasionally subdivided by fissures, 
so as to assume a cuboidal, and even a columnar, structure, Ex- 
amples of these appearances may be seen near the Land’s End, in 
Cornwall. (See fig. 734.) 

The plutonic formations also agree with the volcanic in having 
veins or ramifications proceeding from central masses into the ad- 
joining rocks, and causing alterations in these last, which will be 
presently described. They also resemble trap in containing no 
organic remains ; but they differ in being more uniform in texture, 
irvholc mountain masses of indefinite extent appearing to have ori- 
ginated under conditions precisely similar. They also differ in 
never being scoriaccous or amygdaloidal, and never forming a 
porpiiyry with an nncrystaWino base, or alternating with tuffs, ^or 
do they form conglomerates, although there is sometimes an in- 
sensible passage from a fine to a coarse-grained granite, and occa- 
sionally patches of a fine texture are imbedded in a coarser variety. 

Felspar, quartz, and mica are iisufilly considered as the minerals 
essential to granite, the felspar being most abundant in quantity, and 
the proportion of quartz exceeding that of mica. These minerals 
arc united in what is termed a confused crystallization ; that is to 
say, there is no regular arrangement of the crystals in granite, as in 
gneiss (see fig. 756. p. 725.), except in the variety termed graphic 
granite, which occurs mostly in granitic veins. This variety is a 
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Fig. 734. 



Granite having a cuboidal and rude columiLtr struciure. Land's Knd, Cornwall. 

compound of felspar and quartz, so arranged as to produce an 
imperfect laminar structure. The crystals of felspar appear to have 
been first formed, leaving bviitweeii them the space now occupied by 
tlie darker-coloured quartz. This mineral, when a section is made 

iMg. 73r,. rig. 736. 


Graphic gi anitc. 

Fig. 73 t. Section parallel to the lamina?. 

Fig. 731). Si'Ltiun transverse to the laminae. 

at right angles to the alternate plates of felspar and quartz, presents 
broken lines, which have been compared to Hebrew characters. 
The variety of granite called by the French Pegmatite^ which is a 
mixture of quartz and common felspar, usually with some small 
admixture of white silvery mica, often passes into grapliic granite. 

Ordinary granite, as well as syenite and eurite, usually contains 
two kinds of felspar : 1st, the common, or orthoclase, in which 
potash is the prevailing alkali, and this generally occurs in large 
crystals of a white or flesh colour; and 2ndly, felspar in smaller 
crystals, in which soda predominates, usually of a dead white or 
spotted, and striated like albite, but not the same in composition.* 

* Delesse, Ann. dcs Mines, 1852, t. iii. p. 409., and 1848, t. xiii. p. 075. 
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As a general rule, quartz, in a compact or amorphous state, forms 
a vitreous mass, serving as the base in which felspar and mica have 
crystallized ; for although these minerals are much more fusible 
than silex, they have often imprinted their shapes upon the quartz. 
This fact, apparently so paradoxical, has given rise to much in- 
genious speculation. We should naturally have anticipated that, 
during the cooling of the mass, the flinty portion would be the first 
to consolidate; and that the different varieties of felspar, as well as 
garnets and tourmalines, being more easily liquefied by heat^ would 
be the last. Precisely the reverse has taken place in the passage of 
most granite aggregates from a fluid to a solid state, crystals of tiie 
more fusible minerals being found enveloped in hard, transparent, 
glassy quartz, which has often taken very faithful casts of each, so 
as to preserve even the microscopically minute striatioiis on the 
surface of prisms of tourmaline. Various explanations of this phe- 
nomenon have been proposed by MM. de Beaumont, Fournet, and 
Durocher. They refer to M. Gaudin’s experiments on the fusion 
of quartz, which show that silex, as it cools, has the property of 
remaining in a viscous state, whereas alumina never does. This 
“gelatinous flint” is supposed to retain a considerable degree of 
plasticity long after the granitic mixture lias acquired a low tem- 
perature ; and M. E. de Beaumont suggests that electric action may 
prolong the duration of the viscosity of silex. Occasionally, how- 
ever, we find the quartz and felspar mutually imprinting their forms 
on each other, afFording evidence of the simultaneous crystallization 
of both.^ 

According to the experiments and observations of Gustave Rose, 
the quartz of granite has the specific gravity of 2’6, which charac- 
terizes silica when it is precipitated from a liquid solvent, and not 
that inferior density, namely, 2*3, which belongs to it when it cools 
in the laboratory, in what is called the dry way, or from a state of 
fusion. It has been, theixTore, inferred, perhaps somewhat rashly, 
that the manner in which the consolidation of granite takes place is 
exceedingly different from the cooling of lavas, even of those wliich 
are the most crystalline. It has also been still more hastily inferred, 
that the intense heat formerly sufiposed to be necessary for the pro- 
duction of mountain masses of pliitonic rocks may be dispensed with. 
The first question to be decided is, whether or not silica can be 
obtained even in the laboratory in a crystalline state by fusion. Mr. 
Sorby, who has devoted much time and talent to the solution of this 
and kindred problems, has come to the conclusion that it can be so 
obtained. He informs me that ho is convinced, by the examination 
of quartz fused by Mr. David Forbes, that silica can crystallize in 
the dry way, and he has found in quartz forming a constituent part 
of some tvaeflytes, both from Guadaloupe and Iceland, glass-cavities f 
quite similar to those met with in genuine volcanic minerals, which 

♦ Bulletin, 2e serie, iv. 1304. ; and f See Quart. Gcol. Journ., vol. xiv. 
IVArchiac, Hist, des Progves dc la Gcul., p. 465. 
i. 38. 
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prove most conclusivelj that this quiirtz crystallized out from a 
fused material like obsidian. 

By “glass-cavities” are meant those in which a liquid, on cooling, 
has become first viscous and then solid without crystallizing or under- 
going a definite change in its physical structure. Other cavities 
which, like those just mentioned, are frequently discerniblt3 under the 
microscope in the minerals composing granitic rocks, are filled some 
of them with gas or vapour, others with liquid, and by tlie move- 
ments of the bubbles thus included the distinctness of such cavities 
from those filled with a glassy substance can be tested. 

Mr. Sorby admits that the frequent occurrence of fluid cavities in 
the quartz of granite implies that water was almost always present 
in the formation of this rock ; but the same may be said of almost 
all lavas, and it is now more than forty years since Mr. Scrope 
insisted on the important part which water plays in volcanic erup- 
tions. being so intimately mixed up with the materials of the lava 
that lie supposed it to aid in giving mobility to the fluid mass. It 
is well known that steam escapes for months, sometimes for years, 
from the cavities of lava when it is cooling and consolidating. 

As t(i the result of Mr. Sorby’s experiments and speculations on 
tliis diflicult subject, they may be stated in a few words. He con- 
cludes that the physical conditions under which the volcanic and 
granitic rocks originate are so far similar that in both cases tlicy 
combine igneous fusion, aqueous solution, and gaseous sublimation 
— the proof, he says, of the operation of water in the formation of 
granite being quite as strong as of that of heat.* 

When rocks are melted at great depths water must be present, for 
two reasons — First, because in a state of solid combination water 
enters largely into the composition of some of tlio most common 
minerals, especially those of tlie aluminous class ; and, secondly, 
because rain-water and sea-water are always descending through 
fissured and porous rocks, and must at length find their way into 
the regions of subterranean licat. But the existence of water under 
great pressure affords no argument against our attributing an exces- 
sively high temperature to the mass with wliicli it is mixed up. 

Bunsen, indeed, imagines that in Iceland it attains a white heat 
at a very moderate depth. Still less does the jmiiit to which the 
materials of granite or lava must be cooled down before they crys- 
tallize or consolidate afford any test of the degree of heat which the 
same materials acquired before they could be made to form lakes 
and .seas of molten rock in the interior of tlie earth’s crust. 

To what extent some of the metamorphic rocks containing the 
same minerals as the granites may have been formed by hydro- 
tliermal action without the intervention of intense heat comparable 
to that brought into play in a volcanic eruption, will fte considered 
when we treat of the metamorphic rocks in the thirty-fifth chapter, 
p. 728. 


Sec Quart. Gcol. Jfmrn., vol. xiv. p. 488 . 
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l^orphyritic granite, — This name has been sometimes given to 
that variety in which large crystals of common felspar, sometimes 
more than 3 inches in length, are scattered tiirough an ordinary base 
of granite. An example of this texture may be seen in the granite 
of the Land’s End, in Cornwall (fig. 737.). The two larger prismatic 


Fig. 7.17. 



Poipiiyntic gtaiiiio. LaiidS Kiul, CoriiUtill 


crystals in this drawing re])rcsent felspar, smaller crystals of which 
are also seen, similar in form, scattered through the bjis(*. In this 
base also appear black si)ecks of mica, the crystals of which have a 
more or less perfect hexagonal outline. The remainder of the mass 
is quartz, the translucency of which is strongly contrasted to the 
opaqueness of the white felspar and black mica. But neither the 
transparency of the quartz nor the silvery lustre of the mica can be 
expres^ed in the engraving. 

The uniform mineral cliaractor of large masses of granite seems 
to indicate that large quantities of the component elements were 
thoroughly mixed up togetlier, and then crystallized under precisely 
similar conditions. There arc, how'ever, many accidental, or “ oc- 
casional,” minerals, as they are termed, which belong to granite. 
Among these black schorl or tourmaline, actinolite, zircon, garnet, 
and fluor spar arc not uncommon ; but they arc too sparingly dis- 
})crsed to modify the general aspect of the rock. They show, never- 
theless, that the ingredients were not everywhere exactly the same ; 
and a still greater variation may be traced in the ever-varying pro- 
portions of the felspar, quartz, and mica. 

Syenite , — When hornblende is the substitute for mica, which is 
very commonly the case, the rock becomes Syenite ; so called from 
the celebrated ancient quarries of Syenc in Egypt. It has all the 
appearance of ordinary granite, except when inineralogically ex- 
amined in hand specimens, and is fully entitled to rank as a geo- 
logical member of the same plutonic family as granite. Syenite, 
however, after maintaining the granitic character throughout ex- 
tensive regions, is not uncommonly found to lose its quartz, and 
to pass insensibly into syenitic greenstone, a rock of the trap family. 
Werner considered syenite as a binary compound of felspar and 
hornblende, and regarded quartz as merely one of its occasionsil 
minerals. 
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Syenitic granite , — The quadruple compound of quartz, felspar, 
mica, and hornblende, may be so termed. This rock occurs iu Scot- 
land and in Guernsey. 

Talcose granite^ or Protogine of the French, is a mixture of fel- 
spar, quartz, and talc. It abounds iu the Alps, and in sonic parts of 
Cornwall, producing by its decomposition the china clay, more than 
12,000 tons of which are annually exported from that country for 
the potteries.* 

Schorl-rock, and schorly granite , — The former of these is an 
aggregate of schorl, or tourmaline, and quartz. When fels])ar and 
mica are also present, it may be called schorly granite. This kind of 
granite is comparatively rare. 

Euritc . — A rock in which all the ingredients of granite are blended 
into a iiiiely granular mass. When crystalline, it is seen to contain 
crystals of quartz, mica, common felspar, and soda felspar. When 
there is no mica, and when common felspar predominates, so as to 
give it a white colour, it becomes a felspathic granite, called “ white- 
^tone ” fWeisstein) by Werner, or Lvptynite by the French, in which 
microscopic crystals of garnet are often present. 

All these and other varieties of granite pass into certain kinds of 
trap — a circumstance which aifords one of many arguments iu favour 
of what is now the prevailing opinion, that tlie granites are also of 
igneous origin. The contrast of the most cr} stalline form of granite 
to that of the most common and earthy trap is undoubtedly great ; 
but each member of the volcanic class is capable of becoming por- 
phyritic, and the base of the jiorphyry may be more and more crys- 
talline, until the mass passes to the kind of granite most nearly allied 
in mineriil composition. 

The minerals which constitute alike the granitic and volcanic 
rocks consist, almost exclusively, of seven elements, namely, silica, 
alumina, magnesia, lime, soda, potash, and iron (see Table, p. 602.); 
and these may sometimes exist in about the same proportions in a 
])orous lava, a compact trap, or a crystalline granite. It may i)er- 
liaps be found, on further examination — for ou this subject we have 
yet much to learn — that the presence of these elements in certain 
j)roportions is more favourable than in others to their assuming a 
crystalline or true granitic structure ; but it is al&o ascertained by 
experiment, that the same materials nmy, under different circum- 
stances, form very different rocks. The same lava, for example, 
may be glassy, or scoriaceous, or stony, or porphyritic, according to 
the more or less rapid rate at which it cools ; and some frachytesiand 
syeni tic-greenstones may doubtless form granite and syenite, if the 
crystallization take place slowly. 

It has also been suggested that the peculiar nature and structure 
of granite may be due to its retaining in it that water which is seen 
to escape from lavas when they cool slowly, and consolidate in the 
atmosphere. Boutigny’s experiments have shown that melted matter, 


Boasc on Primary Geology, p. 16 . 
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at a white heat, requires to have its temperature lowered before it 
can vapourize water ; and such discoveries, if they fail to explain the 
manner in which granites have been formed, serve at least to remind 
us of the entire distinctness of the conditions under whibh plutonic 
and volcanic rocks must be produced.* 

It would be easy to multiply examples and authorities to prove 
the gradation of the granitic into the trap rocks. On the western 
side of the fiord of Christiania, in Norway, there is a large district 
of trap, chiefly greenstone-porphyry and syenitic-greenstone, resting 
on fossiliferous strata. To this, on its southern limit, succeeds a 
region equally extensive of syenite, the passage from the volcanic to 
the plutonic rock being so gradual that it is impossible to draw a 
line of demarcation between them. 

“The ordinary granite of Aberdeenshire,” says Dr. MacCulloch, 
“is the usual ternary compound of quartz, felspar, and mica ; hut 
sometimes hornblende is substituted for the mica. But in many 
j)laces a variety occurs which is* composed simply of felspar and 
hornblende ; and in examining more minutely this duplicate com- 
pound, it is observed in some places to assume a fine grain, and at 
length to become undistinguishablc from the greenstones of the trap 
family. It also passes in the same uninterrupted manner into a 
basalt, and at length into a soft claystonc, with a schistose tendency 
on exposure, in no respect differing from those of the trap islands of 
the western coast.” The same author mentions, that in Shetland 
a granite composed of hornblende, mica, felspar, and quartz graduates 
in an equally perfect manner into basal t.j 

In Hungary there are varieties of trachyte, which, geologically 
speaking, are of modern origin, in which crystals, not only of mica, 
but of quartz, are common, together with felspar and hornblende. 
It is easy to conceive how such volcanic masses may, at a certain 
depth from the surface, pass downwards into granite. 

I have already hinted at the close analogy in the forms of certain 
granitic and trappean veins ; and it will be found that strata pene- 
trated by plutonic rocks have suffered changes very similar to those 
exhibited near the contact of volcanic dikes. Thus, in Glen Tilt, 
in Scotland, alternating strata of limestone and argillaceous schist 
come in contact with a mass of granite. The contact does not 
take place as might have been looked for, if the granite had been 
formed there before the strata were deposited, in which case the 
section would have appeared as in fig. 738. ; but the unjon is as 
represented in fig. 739., the undulating outline of the granite 
intersecting different strata, and occasionally intruding itself in 
tortuous veins into the beds of clay-slate and limestone, from 
which it differs so remarkably in composition. The limestone is 
sometimes cl»nged in character by the proximity of the granitic, 
mass or its veins, and acquires a more compact texture, like that of 

♦ E. de Beaumont, Bulletin, vol. iv., 2e scr., pp. 1318. and 1320. 

f Syst. of GeoL, vol. i. p. 157. and 158. 
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Fig. 738. Fig. 739, 



Juiictiuii ut granite mid argillaceous schist in Glen 
Tilt. (MacCulloch.) * 


horiistoiic or chert, with a splintery fracture, and effervescing freely 
with acids. 

The annexed diagram (fig. 740.) represents another junction, in 

Fig. 7*10. 



.Tiiiiction of gr.initp and nine.stone in Glen Tdt. rMacCiill(ic}i.) 

a. graiiitp. u. limestone. 

c. ulue argillaceous schist. 


the same di.strict, wlierc the granite sends forth so many veins as to 
reticulate the limestone and scliist, the veins diminishing towards 
their termination to the thiekness of a leaf of paper or a thread. 
In some places fragments of granite appear entangled, as it were, 
in the limestone, and arc not visibly connected with any larger 
mass'; Avhile sometimes, on tlie other hand, a lump of the limestone 

* Gcol. Trans., First Series, vol. iii. pi. 21. 
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is found in the midst of the granite. The ordinary colour of the 
limestone of Glen Tilt is lead blue, and its texture large-grained 
and highly crystalline ; but where it approximates to the granite, 
particularly where it is penetrated by the smaller veins, the crys- 
talline texture disappearsfland it assumed an appearance exactly 
resembling that of hornstone. The associated argillaceous schist 
often passes into hornblende slate, where it approaches very near to 
the granite.* 

The conversion of the limestone in these and many other in- 
stances into a siliceous rock, effervescing slowly with acids, would 
be dilficult of explanation, were it not ascertained that such lime- 
stones are always impure, containing grains of quartz, mica, or felspar 
disseminated through them. The elements of these minerals, when 
the rock has been subjected to great heat, may have been fused, and 
so spread more uniformly through the whole mass. 

In the plutonic, as in the volcanic rocks, there is every gradation 
from a tortuous vein to the most regular form of a dike, such as 
intersect the tuffs and lavas of Vesuvius and Etna. Dikes of 
granite may be seen, among other places, on the southern flank of 
Mount Battock, one of th(} Grampians, the op])osite walls sometimes 
preserving an exact parallelism for a considerable distance. 

As a general rule, however, granite veins in all quarters of the 
globe are more sinuous in their course than those of trap. They 
present similar shapes at the most northern point of Scotland, and 
the southernmost extremity of Africa, as the annexed drawings 
Avill show. 


Fig. 711. 


Fig. 742. 



Granito veins tnivcrsing clay slate. Tabic 
Mountain, Cape of Good Hope.f 



It is not uncommon for one set of granite veins to intersect 
another ; and sometimes there are three sets, as in the environs 
of Heidelberg, where the granite on the banks of the river Necker 
is scon to consist of three varieties, differing in colour, grain, and 

♦ MacCullocli, Gcol. Trans., vol. iii. Edinlmrgli, vol. vii. 
p. 259. t Western Islands, pi. 31. 

t Capt. B. Hall, Trans. Roy. Soc. 



704 


MINERAL STRUCTURE OF 


[Cii. XXXIII. 


various peculiarities of mineral composition. One of tlioe, which 
is evidently the second in age, is seen to cut through .‘in older 
granite ; and another, still newer, traverses both the second and the 


first. 

In Shetland there are fwo kinds of gTOite. One of them, com- 
posed of hornblende, mica, felspar, and quartz, is of a dark colour, 
and is seen underlying gneiss. The other is a red granite, which 
penetrates the dark variety everywhere in veins.* 

The accompanying sketches will explain the manner in which 
granite veins often ramify and cut each other (figs. 743 and /44.), 


Fig. 713. 



Granite veins tr.iviTSing gneiss at Cape Wrath, in Scotland. (MacCulloch.) 


They represent the manner in which the gneiss at Cape Wrath, in 
Sutherlandshire, is intersected by veins. Their light colour strongly 
contrasted with that of the hornblende-schist, here associated with 
the gneiss, renders them very conspicuous. 

Granite very generally assumes a finer grain, and undergoes a 
change in mineral composition, in the veins which it sends into con- 
tiguous rocks. Thus, according to Professor Sedgwick, the main 
body of the Cornish granite is an aggregate of mica, quartz, and 
felspar ; but the veins arc sometimes witlioUft mica, being a granular 
aggregate of quartz and felspar. In otlier varieties quartz prevails 
to the almost entire exclusion both of felspar and mica ; in others, 
the mica and quartz both disappear, and the vein is simply composed 
of white granular felspar.f 

Fig. 744. is a sketch of a group of granite veins in Cornwall, 
given by Messrs. Von Oeynhausen and Von Dechen.f The main 
body of the granite here is of a porphyrytic appearance, with large 
crystals of felspar ; but in the veins it is fine-grained, and without 
thesQ. large crystals. The general height of the veins is from 16 to 
20 feet, but some are much liigher. 

In the Valorsine, a valley not far from Mont Blanc in Savoy, an 
ordinary granite, consisting of felspar, quartz, and mica, sends forth 
veins into a talcose gneiss (or stratified protogine), ifnd in some 


* MacCulloch, Sjrst. of Geol,, vol. i. 
p. .58. 

t On Geol. of Cornwall, Canib. Trans., 


vol. i. p. 124. 

i Phil. Mag. and Annals, No. 27. 
new series, March, 1829. 
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Fig. 744.1 



Granite veins passing through hornblende slate, Carnsilver Cove, Cornwall. 


places lateral ramifications are thrown off from the principal veins at 
right angles (see fig. 745.), the veins, especially the minute ones, 
being finer grained than the granite in mass. 

It is here remarked, that the schist and granite, as they approach, 
seem to exercise a reciprocal infiucnce on each other, for both 


Fig. 7i5. 



Veins of granite in talcose gneiss. 
(L. A. Neckcr.) 


undergo a modification of mineral character. The granite, still 
remaining unstratified, becomes charged with green particles ; and 
the talcose gneiss assumes a granitiform structure without losing its 
stratification.* 

Professor Keilhau drew my attention to several* localities in the 
country near Christiania, where the mineral character of gneiss 
appears to have been affected by a granite of much newer origin, 
for some distance from the point of contact. The gneiss, without 
losing its laminated structure, seems to have become charged with a 
larger quantity of felspar, and that of a redder colour, than the 
felspar usually belonging to the gneiss of Norway. 

Granite, syejiite, and those porphyries which have a granitiform 
structure, in short all plutonic rocks, are frequently observed to 
contain metals, at or near their junction with stratified formations. 

* Necker, Sur la Val do Valorpine, 1828. I visited, in 1832, the spot re- 
Mem. de la Soc. do Phys. de Genuve, ferred to in fig. 745. 
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On the other hand, the veins which traverse strati ded rocks arc, ns 
a general law, more metalliferous near such junctions than in other 
positions. Hence it has been inferred that these metals may have 
been spread in a gaseous form through the fused mass, and that the 
contact of another rock, in a different state of temperature*, or some- 
times the existence of rents in other rocks in the vicinity, may have 
caused the sublimation of the metals.* 

There are many instances, as at Markerud, near Christiania, in 
Norway, where the strike of the beds has not beeji deranged 
throughout a large area by the intrusion of granite, both in large 
masses and in veins. This fact is considered by some geologists to 
militate against the theory of the forcible injection of granite in a 
fluid state. But it may be stated in reply, that ramifying dikes of 
trap also, which almost all now admit to have been once fluid, pass 
through the same fossiliferous strata, near Christiania^ without 
deranging their strike or dip.f 

The real or apparent isolation of large or small masses of granite 
detached from the main body, as at a. 6, fig. 746., and above, fig. 
739., and a, fig. 74o., has been thought by some writers to be irre- 


Fig. 746. 



Ocneral view of junction of granite and schist of the Valorsino 
(L. A. Necker.) 


ooncilable with the doctrine usually taught respecting veins; but 
many of them may, in fact, be sections of root-shaped prolongations 
of granite ; while, in other cases, they may in reality be detached 
portions of rock having the plutonic structure. For there may 
have been spots in the midst of the invaded strata, in which there 
was an assemblage of materials more fusible than the rest, or more 
fitted to combine readily into some form of granite. 

Veins of pure quartz are often found in granite as in many 
stratified rocks, but they are not traceable, like veins of granite or 
trap, to large bodies of rock of similar composition. They appear 
to have been cracks, into which siliceous matter was infiltered. 
Such segregation, as it is called, can sometimes be shown to have 
clearly taken place long subsequently to the original consolidation 
of the containing rock. Thus, for example, I dbserved in the 
gneiss of Tronstad Strand, near Drammcn, in Norway, the annexed 

* Necker, Proceedings of Gcol. Soc., t See Kei1hau*s Gaea Norvegica ; 
No. 26. p. 892. Christiania, 1838. 
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section on the beach. It appears that the alternating strata of 
whitish grnnitiforrn gneiss and black hornblende-schist were first cut 
through by a greenstone dike, 
about feet wide ; then the 
crack a h passed tli rough all 
these rocks, and was filled up 
with quartz. The opposite 
walls of the vein are in some 
parts incrusted with trans- 
parent crystals of quartz, the 
middle of the vein being filled 
up with common opaque white 
quartz. 

We have seen that the vol- 
canic formations have been 



0,6. Quartz vehl pasting through gneiss and green, 
stone, Troustad Strand, near Christiania. 


called overlying, because they not only penetrate others but spread 
over them. M. Nccker has proposed to call the granites the 
underlying igneous rocks, and the distinction here indicated is 
highly characteristic. It was indeed supposed by some of the 
earlier observers, that the granite of Christiania, in Norway, was 
intercalated in mountain masses between the primary or palaeozoic 
strata of that country, so as to overlie fossiliferous shale and lime- 
stone. But although the granite sends veins into these fossiliferous 
rocks, and is decidedly posterior in origin, its actual superposition 
in mass has been disproved by Professor Keilhau, whose obser- 
vations on this controverted point I had opportunities in 1837 of 
v(‘rifying. There are, however, on a smaller scale, certain beds of 
euritic porphyry, some a few feet, others many yards in thickness, 
which pass into granite, and deserve, perhaps to be classed as 
pi u tonic rather than trappean rocks, which may truly be described 
as interposed conformably between fossiliferous strata, as the por- 
phyries (a, c, fig, 748.), which divide the bituminous sliales and 


Fig. 748. 



Euritic porphyry aUeriiating'wkh. primary fossiliferous strath, 
near Christiauia. 


argillaceous limestones, yyi But some of these same porphyries are 
partially unconformable, as ft, and may lead us to suspect that the 
others also, notwithstanding their appearance of interstratification, 
have been forcibly injected. Some of the porphyritic rocks above 
mentioned are highly quartzose, others very lelspathic. In pro- 
portion as the masses are more voluminous, they become more 
granitic in their texture, less conformable, and even begin to send 
forth veins into contiguous strata. In a word, we have here a 

z z 2 
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beautiful illustratiou of the intermediate gradations hetwi iMi volcanic; 
and plutonic rocks, not only in their mineralogical composition and 
structure, but also in their relations of position to associated form- 
ations. If the term “overlying” can in this instance be applied to a 
plutonic rock, it is only in proportion as that rock begins to acquuo 
a trappean aspect. 

It has been already hinted that the heat, which in every active 
volcano extends downwards to indefinite depths, must produce 
simultaneously very different effects near the surface and far below 
it ; and we cannot suppose that rocks resulting from the crystal- 
lizing of fused matter , under a pressure of several thousand feet, 
much less miles, of the earth’s crust can resemble those formed at or 
near the surface. Hence the production at great dei)(hs of a class 
of rocks analogous to the volcanic, and yet differing in many par- 
ticulars, might also have been predicted, even had we no plutoi !<*. 
formations to account for. How well these agree, both in tlu '!* 
j)0sitive and negative cliaracters, with the theory of their deep 
subterranean origin, the student will bo able to judge by considering 
the descriptions already given. 

It has, howevi'r, been objected, tlnat if the granitic and volcanic 
rocks were simply different parts of one great series, we ought to 
find ill mountain chains volcanic dikes passing upwards into lava 
jiiid downwards into granite. But we may answer that our vertical 
sections are usually of small extent ; and if we find in certain places 
a transition from trap to ])orous lava, and in others a passage from 
granite to trap, it is as much as could be expected of this evidence. 

The prodigious extent of denudation which has been already de- 
monstrated to have occurred at former periods, will reconcile the 
student to the belief that crystalline rocks of high antiquity, al- 
though deep in the earth’s crust wlieii originally formed, may have 
)>ecomc uncovered and exposed at the surface. Their actual (de- 
vation above the sea may be referred to the same causes to which 
we have attributed the upheaval of marine strata, (^ven to the 
summits of some mountain chains. But to these and other topics I 
shall revert when speaking, in the next chapter, of the relative ages 
of different masses of granite. 
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CHAPTER XXXIV. 

ON THE DIFFERENT AGES OP THE PLUTONIC ROCKS. 

Difficulty in ascertaining the precise age of a plutonic rock — ^Test of age by relative 

position — Test by intrusion and alteration — Test by mineral composition 

Test by included fragments — Recent and Pliocene plutonic rocks, why invisible 
— Tertiary plutonic rocks in the Andes — Granite altering Cretaceous rocks — 
Granite altering Lias in the Alps and in Skye — Granite of Dartmoor altering 
Carboniferous strata — Granite of the Old Red Sandstone period — Syenite 
altering Silurian strata in Norway — Blending of the same with gneiss — Most 
ancient plutonic rocks — Granite protnidcd in a solid form — On the probable age 
of the granites of Arran, in Scotland. 

When we adopt the igneous theory of granite, as explained in the 
last cliaptcr, and believe that different plutonic rocks have originated 
at successive periods beneath the surface of the planet, wo must be 
prepared to encounter greater difficulty in ascertaining the precise 
age of sucli rocks, than in the case of volcanic and fossiliferous form- 
ations. AVe must bear in mind, that the evidence of the age of 
each contemporaneous volcanic rock was derived, either from lavas 
j)oiired out upon the ancient surface, wliether in the sea or in the 
atni()sj)liere, or from tuffs and conglomerates, also deposited at the 
surface, and either containing organic remains themselves, or inter- 
calated between strata containing fossils. But all these tests fail 
when we endeavour to fix the chronology of a rock which has crys- 
tallized from a state of fusion in the bowels of the earth. In that 
ease, we are reduced to the following tests : 1st, relative position 
l^dly, intrusion, and alteration of the rocks in contact ; Sdly’^, mineral 
characters ; 4tldy, included fragments. 

Test of age by relative 2 ^osition. — Unaltered fossiliferous strata of 
every age are met with reposing immediately on plutonic rocks ; as 
at Christiania, in Norway, where the Post-pliocenc deposits rest on 
granite ; in Auvergne, where the freshwater Miocene strata, and 
at Heidelberg, on the Rhine, where the New Red sandstone occupy 
a similar place. In all these, and similar instances, inferiority in 
position is connected with the superior antiquity of granite. The 
crystalline rock was solid before the sedimentary beds were super- 
imposed, and the latter usually contain in them rounded pebbles of 
the subjacent granite. 

Test by intrusion and alteration. — But when plutonic rocks send 
veins into strata, and alter them near the point of contact, in the 
manner before described (p. 701.), it is clear that, like intrusive 
traps, they are newer than the strata which they invade and alter. 
Examples of the application of this test will be given in the sequel. 
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Test by mineral composition. — Notwithstanding a general uni- 
formity in the aspect of plutonic rocks, we have seen in the last chap- 
ter that there are many varieties, such as Syenite, Talcose granite, 
and others. One of these varieties is sometimes found exclusively 
prevailing throughout an extensive region, where it preserves a 
homogeneous character ; so that, having ascertained its relative ago 
in one place, we can easily recognize its identity in others, and thus 
determine from a single section the chronological relations of largo 
mountain masses. Having observed, lor example, that the syenitio 
granite of Norway, in which the minenal called zircon abounds, has 
altered the Silurian strata wherever it is in contact, we do not 
hesitate to refer other masses of the same zircon-syenite in the south 
of Norway to the same era. 

Some have imagined thfit the age of different granites might, to a 
great extent, be determined by their mineral characters alone ; syenit(*, 
for instance, or granite with hornblende, being more modern than 
common or micaceous granite. But modern investigations have proved 
those generalizations to have been premature. The syenitic granite 
of Norway already alluded to may be of the same age as the vSiliiriaii 
strata, which it traverses and alters, or may belong to the Old Red 
sandstone period ; whereas the granite of Dartmoor, although con- 
sisting of mica, quartz, and felspar, is newer than the coal. (S('c 
p. 716.) 

'Test by included fragments. — This criterion can rarely be of much 
importance, because the fragments involved in granite are usually so 
much altered, that they cannot be referred with certainty to the rocks 
whence they were derived. In the White Mountains, in North 
America, according to Profes«sor Hubbard, a granite vein, traversing 
granite, contains fragments of slate and trap which must have fallen 
into the lissurc when the fused materials of the vein were injected 
from below*, and thus the granite is shown to be newer than certain 
Superficial slaty and trappean formations. 

Recent and Pliocene jilutonic rocks, toliy invisible. — The explana- 
tions already given in the 29tli and in the last chapter of the probable 
relation of the plutonic to the volcanic formations, Avill naturally lead 
the reader to infer, that rocks of the one class can never bo produced 
at or near the surface without some members of the other being 
formed below simultaneously, or soon afterwards. It is not uncom- 
mon for lava-streams to require more than ten years to cool in the 
open air ; and where they arc of great depth, a much longer period. 
The melted matter poured from Jorullo, in Mexico, in the year 1759, 
which accumulated in some places to the height of 550 feet, was 
found to retain a high temperature half a century after the eruption.^ 
We may conceive, therefore, that great masses of subterranean lava 
may remain in a red-hot or incandescent state in the volcanic foci 
fur immense periods, and the process of refrigeration may be ex- 
tremely gradual. Sometimes, indeed, this process may bo retarded 

* Silliman’s Journ., No. 69. p. 123. t See “Principles,” Indexy “Jorullo,” 
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for an indefinite period| by the accession of fresh supplies of heat ; 
for we find that the lava in the crater of Stromboli, one of the Lipari 
Islands, has been in a state of constant ebullition for the last two 
thousand years ; and we may suppose this fluid mass to communicate 
with some caldron or reservoir of fused matter below. In the Isle 
of Bourbon, also, where there has been an emission of lava once in 
every two years for a long period, the lava below can scarcely fail to 
have been permanently in a state of liquefaction. If then it be a 
reasonable conjecture, that about 2000 volcanic eruptions occur in 
the course of every century, either above the waters of the sea or 
beneath them*, it will follow, that the quantity of plutonic rock 
generated, or in progress during the Recent epoch, must already have 
been considerable. 

But as the plutonic rocks originate at some depth in the earth’s 
crust, they can only be rendered accessible to human observation, by 
subsequent upheaval and denudation. Between the period when a 
plutonic rock crystallizes in the subterranean regions and the era of 
its protrusion at any single point of the surface, one or two geological 
periods must usually intervene. Hence, we must not expect to find 
the Recent or even the Rliocene granites laid open to view, unless 
we are prepared to assume that suificient time has elapsed since 
the commencement of the Pliocene period for great upheaval and 
denudation. A plutonic rock, therefore, must, in general, be of con- 
siderable antiquity relatively to the fossiliferous and volcanic forma- 
tions, before it becomes extensively visible. As we know tjiat the 
upheaval of land has been sometimes accompanied in South America 
by volcanic eruptions and the emission of lava, wo may conceive the 
more ancient plutonic rocks to be forced upwards to the surface by 
the newer rocks of the same class formed successively below, — sub- 
terposition in the plutonic, like superposition in the sedimentary 
rocks, being usually characteristic of a newer origin. 

In the accompanying diagram (fig. 749.), an attempt is made to 
show the inverted order in which sedimentary and plutonic forma- 
tions may occur in the earth’s crust. 

The oldest plutonic rock, No. I., has been upheaved at successive 
periods until it has become exposed to view in a mountain-chain. 
This protrusion of No. L has been caused by the igneous agency 
which produced the newer plutonic rocks Nos. II. III. and IV. 
Part of the primary fossiliferous strata. No. 1., have also been raised 
to the surface by the same gradual process. It will be observed that 
the Recent strata No. 4. and the Recent granite or plutonic rock 
No. IV. are the most remote from each other in position, although 
of contemporaneous date. According to this hypothesis, the con- 
vulsions of many periods will be required before Recent or Post- 
tertiary granite will be upraised so as to form the highest ridges 
and central a'xes of mountain-chains. During that time the Recent 


• “ Principles,” Index^ " Volcanic Eruptions.* 
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strata No. 4. might be covered by a great many newer sedimentary 
forniQitions. 

Eocene granite and plutonic rocks. — In a former part of this 
volume (p. 304.), the great iiuramulitic formation of the Alps and 
Pyrenees was referred to the Eocene period, and it follows that those 
vast movements which have raised fossiliferous rocks from the level 
of the sea to the height of more than 10,000 feet above its level 
have taken place since the commencement of the tertiary epoch. 
Here, therefore, if anywhere, we might expect to find hypogeno 
formations of Eocene date breaking out in the central axis or most 
disturbed region of the loftiest chain in Europe. Accordingly, in 
the Swiss Alps, even the flyschy or upper portion of the nummulitic 
scries, has been occasionally invaded by plutonic rocks, and converted 
into crystalline schists of the hypogene class. There can be little 
doubt that even the talcose granite or gneiss of Mont Blanc itself has 
been in a fused or pasty state since the flysch was deposited at the 
bol tom of the sea ; and the question as to its age is not so much 
wliether it be a secondary or tertiary granite or gneiss, as whether it 
should be assigned to the Eocene or Miocene epoch. 

Great upheaving movements have been experienced in the region 
of the Andes, during the Post-tertiary period. In some part, there- 
fore, of this chain, we may expect to discover tertiary plutonic rocks 
laid open to view. What we already know of the structure of the 
Chilian Andes seems to realize this expectation. In a transverse 
section, examined by Mr. Darwin, between Valparaiso and Mendoza, 
tli(i Cordillera was found to consist of two separate and parallel 
chains, formed of sedimentary rocks of different ages, the strata in 
both resting on plutonic rocks, by which they have been altered. 
In the western or oldest range, called the Peuquenes, are black cal- 
careous clay-slates, rising to the lieiglit of nearly 14,000 feet above 
the sea, in which arc shells of the genera Grypheea, Turritella^ 7V- 
rebr at nitty and Ammonite. These rocks arc supposed to be of the 
age of the central parts of the secondary series of Europe. They 
are penetrated and altered by dikes and mountain masses of a plu- 
tonic rock, which has the texture of ordinary granite, but rarely 
contains quartz, being a compound of albite and hornblende. 

The second or eastern chain consists chiefly of sandstones and 
conglomerates, of vast thickness, the materials of which are derived 
from the ruins of the western chain. The pebbles of the conglome- 
rates are, for the most part, rounded fragments of the fossiliferous 
slates before mentioned. The resemblance of the whole series to 
certain tertiary deposits on the shores of the Pacific, not only in 
mineral character, but in the imbedded lignite and silicified woods, 
leads to the conjecture that they also are tertiary. Yet these strata 
are not only associated with trap rocks and volcanic tuffs, but arc also 
altered by a granite consisting of quartz, felspar, and talc. They are 
traversed, moreover, by dikes of the same granite, and by numerous 
veins of iron, copper, arsenic, silver, and gold ; all of which can bo 
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traced to the underlying granite.* Wc have, therefore, strong 
ground to presume that the plutonic rock hero exposed on a largo 
scale in the Chilian Andes is of later date than certain tertiary 
formations. 

But the theory adopted in this work of the subterranean origin ot* 
the hypogene formations would be untenable, if the supposed fact 
here alluded to, of the appearance of tertiary granite at the surface, 
was not a rare exception to the general rule. A considerable lapse 
of time must intervene between the formation of plutonic and meta- 
morphic rocks in the nether regions, and their emergence at the sur- 
face. For a long series of subterranean movements must occur 
before such rocks can be uplifted into the atmosphere or the ocean ; 
and, before they can be rendered visible to man, some strata which 
previously covered them must usually have been stripped off by de- 
nudation. 

We know that in the Bay of Baias in 1538, in Cutch in 1819, 
and on several occasions in Peru and Chili, since the commencement 
of the present century, the permanent upheaval or subsidence of land 
lias been accompanied by the simultaneous emission of lava at oncior 
more points in the same volcanic region. From these and other 
examples it may be inferred tliat the rising or sinking of the earth’s 
crust, operations by which sea is converted into land, and land into 
sea, are a part only of the consequences of subterranean igneous 
action. It can scarcely be doubted that this action consists, in a great 
degree, of the baking, and occasionally the liquefaction, of rocks, 
causing them to assume, in some cases a larger, in others a smaller 
volume than before the application of lietit. It consists also in tlio 
generation of gases, and their expansion by heat, and the injection 
of liquid matter into rents formed in superincumbent rocks. The 
prodigious scale on which these subterranean causes have operated 
in Sicily since the deposition of the Newer Pliocene strata will bo 
appreciated, when we remember that throughout half the surface of 
that island such strata are met with, raised to the height of from 50 
to that of 2000 and even 3000 feet above the level of the sea. In 
the same island also the older rocks which are contiguous to these 
marine tertiary strata must have undergone, within the same period, 
a similar amount of upheaval. 

The liko observations may be extended to nearly the whole of 
Europe, for, since the commencement of the Eocene period, the 
entire European area, including some of the central and very lofty 
portions of the Alps themselves, as I have elsewhere shown f, has, 
with the exception of a few districts, emerged from the deep to its 
present altitude ; and even those tracts which were already dry land 
before the Eocene era have, in many cases, acquired additional 
height. A large amount of subsidence has also occurred during the 
same period, so that the extent of the subterranean spaces which have 

♦.-Darwin, pp, 390, 406. ; second edi- f See map of Europe and explana- 
tion, p. 319. tion, in Principles, book i. 
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citlior bocomo the receptacles of sunken fragments of the earth’s 
crust, or have been rendered capable of supporting other fragments 
at a much greater height than before, must be so great that they 
probably equal, if not exceed in volume, the entire continent of 
Europe, We are entitled, therefore, to ask what amount of change 
of equivalent importance can be proved to have occurred in the 
earth’s crust within an equal quantity of time anterior to the Eocene 
epoch. They who contend for the more intense energy of subter- 
ranean causes in the remoter eras of the earth’s history may find 
it more difiicult to give an answer to this question than they anti- 
cipated. 

The principal effect of volcanic action in the nether regions during 
the tertiary period seems to have consisted in the upheaval to the 
surface of hypogene formations of an age anterior to the carboni- 
ferous. The repetition of another series of movements, of equal vio- 
lence, might upraise the plu tonic and metamorphic rocks of many 
secondary periods ; and, if the same force should still continue to act, 
the next convulsions might bring up to the day the tertiary and 
recent hypogene rocks. In the course of such clianges many of the 
existing sedimentary strata would suffer greatly by denudation, 
others might jissume a metamorphic structure, or become .melted 
down into plu tonic and volcanic rocks. Meanwhile the deposition 
of a vast thickness of new strata would not fail to take place during 
111(3 upheaval and partial destruction of the older rocks. But I must 
refer the reader to the last chapter but one of this volume for a 
liiih'r explanation of these views. 

Cretaceous jicriod , — It will bo shown in the next chapter that 
chalk, as well as lias, has been altered by granite in the eastern 
Pyrenees. Whether such granite bo cretaceous or tertiary cannot 

easily be decided. Suppose &, c, d, fig. 
7o0., to be three members of the Cre- 
taceous series, the lowest of which, 
has been altered by the granite A, the 
modifying influence not having ex- 
tended so far as c, or having but 
slightly afiected its lowest beds. Now 
it can rarely be possible for the geolo- 
gist to decide whether the beds d existed at the time of the intrusion 
of A, and alteration of b and c, or whether they were subsequently 
thrown down upon c. 

But as some Cretaceous and even tertiary rocks have been raised 
to the height of more than 9000 feet in the Pyrenees, wo must not 
assume that plutonic formations of the same periods may not have 
been brought up and exposed by denudation, at the height of 2000 
or 3000 feet on the flanks of that chain. 

Period df Oolite and Lias , — In the Department of the Hautes 
Alpcs, in France, M. Elio de Beaumont traced a black argilla- 
ceous limestone, charged with belcmnites, to within a few yards of 
a mass of granite. Ilere the limestone begins to put on a granular 
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texture, but is extremely fine-grained. When nearer the junction it 
becomes grey, and has a saccharoid structure. Li another locality, 
near Champoleon, a granite composed of quartz, black mica, and 
rose-coloured felspar is observed partly to overlie the secondary 
rocks, producing an alteration which extends for about 30 feet 
downwards, diminishing in the beds which lie farthest from the 

. granite. (See fig. 751.) In 
the altered mass the argil- 
laceous beds are hardened, 
the limestone is saccharoid, 
the grits quartzose, and in 
the midst of them is a 
thin layer of an imperfect 
granite. It is also an im- 
portant circumstance that 
near the point of contact, 
both the granite and the 
secondary rocks become 
metalliferous, and contain 
nests and small veins of 
blende, galena, iron, and 
copper pyrites. The stra- 
tified rocks become harder 
and more crystalline, but 
the granite, on the contrary, softer and less perfectly crystallized 
near the junction.* 

Although the granite is incumbent in the above section (fig. 751.), 
we cannot assume that it overflowed the strata, for the disturbances 
of the rocks are so great in this part of tlic Alps that their original 
position is often inverted. 

A considerable mass of syenite, in the Isle of Skye, is described by 
13r. MacCulloch as intersecting limestone and shale, which arc of the 
ago of the lias.t The limestone, which at a greater distance from 
tlie granite contains shells, exhibits no traces of them near its 
junction, where it has been converted into a pure crystalline marble.f 
At Predazzo, in the Tyrol, secondary strata, some of which are 
limestones of the Oolitic i)eriod, have been traversed and altered by 
plutonic rocks, one portion of which is an augitic porphyry, which 
passes insensibly into granite. The limestone is changed into gra- 
nular marble, with a band of serpentine at the j unction. § 

Carboniferous period, — The granite of Dartmoor, in Devonshire, 
was formerly supposed to bo one of the most ancient of the plutonic 
rocks, but is now ascertained to bo posterior in date to the culm- 
measures of that county, which from their position, and, as containing 



Junction of granite with Jurassic or Oolite strata in the 
Alps, near Champoleon. 


* Elie do Beaumont, sur Ics Mon- % Western Islands, vftl. i. p. 330. 
tagnes de TOisans, &c. Mem. do la plate 18., figs. 3, 4. 

Soe. d’JIist. Nat. do Paris, tom. y. § Yon Buck, Annalcs de Chimic, &c. 

f Murchison, Geol. Trans. 2d series, 
vol. ii. part ii. pp. 311—321. 
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true coal-plants, are regarded bj Professor Sedgwick and Sir B. 
Murchison as members of the true carboniferous series. This granite, 
like the syenitic granite of Christiania, has broken through the stra- 
tified formations without much changing their strike. Hence, on the 
north-west side of Dartmoor, the successive members of the culm- 
measures abut against the granite, and become metamorphic as they 
approach. These strata are also penetrated by granite veins, and 
plutonic dikes, called “ elvans.” * The granite of Cornwall is pro- 
bably of the same date, and, therefore, as modern as the Carbo- 
niferous strata, if not newer, 

Silurian period , — It has long been known that the granite near 
Christiania, in Norway, is of newer origin than the Silurian strata of 
that region. Von Buch first announced, in 1813, the discovery of its 
posteriority in date to limestones containing orthoccrata and trilobites. 
The proofs consist in the penetration of granite veins into the shale 
and limestone, and the alteration of the strata, for a considerable dis- 
tance from the point of contact both of tliese veins and the central 
mass from which they emanate. (See p. 707.) Von Buch supposed 
that tlie plutonic rock alternated with the fossiliferous strata, and 
that large masses of granite were sometimes incumbent upon the 
strata ; but this idea was erroneous, and arose from the fact that the 
beds of shale and limestone often dip towards the granite up to the 
point of contact, appearing as if they would pass under it in mass, as 
at «, fig. 7*52., and then again on the opposite side of the same 
mountain, as at b, dip away from the same granite. When the 
junctions, however, are carefully examined, it is found that the plu- 
tonic ro(!k intrudes itself in veins, and nowhere covers the fossiliferous 
strata in large overlying masses, as is so commonly the case with 
trappean formations.f 

Fig. 752. 



Silurian. Granite. Silurian strata. 


Now this granite, which is more modern than the Silurian strata of 
Norway, also sends veins in the same country into an ancient forma- 
tion of gneiss ; and the relations of the plutonic rock and the gneiss, 
at their junction, are full of interest when we duly consider the wide 
difference of epoch which must have separated their origin. 

The length of this interval of time is attested by the following 
facts: — The fossiliferous, or Silurian, beds rest unconformably 
upon the truncated edges of the gneiss, the inclined strata of which 
had been denuded before the sedimentary beds were superimposed 
• 

* Proceed. Gcol. Soc., vol. ii. p. 562.; works of Kcilhan, with whom I cx- 
and Trans. 2d scr. vol. v. p. 686. amined this country. 

t See the Gaea Norvcgica and other 
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Fig. 753. 



Granite sending veins into Silurian strata and Gneiss. Christiania, Norway. 


(see fig. 753.). The signs of denudation are twofold ; first, the 
surface of the gneiss is seen occasionally, on the removal of the 
newer beds, containing organic remains, to be worn and smoothed 
secondly, pebbles of gneiss have been found in some of these Silurian 
strata. Between the origin, therefore, of the gneiss and the granite 
there intervened, first, the period when the slratca of gneiss wove 
denuded ; secondly, the period of the deposition of the Silurian de- 
posits. Yet the granite produced after tliis long interval is often so 
intimately blended w^ith the ancient gneiss, at the point of junctioi., 
that it is impossible to draw any other than an arbitrary line of 
separation between them ; and Avhere this is not the case, tortuous 
veins of granite pass freely through gneiss, ending somcjtinies in 
threads, as if the older rock had offered no resistance to their passage. 
These appearances may probably be due to hydrothermal action (see 
below, p. 731.). I shall merely observe in this place that Iiad such 
junctions alone been visible, and had we not learnt, from other 
sections, how long a period elapsed between the consolidation of the 
gneiss and the injection of this granite, we might have suspected 
that the gneiss was scarcely solidified, or had not yet assumed its 
complete metamorphic character when invaded by the plutonic rock. 
From this example we may learn how impossible it is to conjecture 
whether certain granites in Scotland, and other countries, which 
send veins into gneiss and other metamorphic rocks, are primary, or 
whether they may not belong to some secondary or tertiary period. 

Oldest granites , — It is not half a century since the doctrine wsis 
very general that all granitic rocks were primitive, that is to say, that 
they originated before the deposition of the first sedimentary .strata, 
and before the creation of organic beings (see above, p. 9.). But so 
greatly are our views now changed, that we find it no easy task to 
point out a single niass of granite demonstrably more ancient than all 
file known fossiliferous deposits. Could wo discover some Lower 
Cambrian strata resting immediately on granite, there being no alter- 
ations at the point of contact, nor any intersecting granitic veins, we 
might then affirm the plutonic rock to Iiave originated before the 
oldest known fossiliferous strata. Still it would be presumptuous, 
as we have already pointed out (p. 582.), to suppose that when a 
small part only of the globe has been investigated, we a^e acquiiinted 
with the oldest fossiliferous strata in the crust of our planet. Even 
when these are found, we cannot assume that there never were any 
antecedent strata containing organic remains, ’which may have 
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become metamorphic. If we find pebbles of granite in a conglo- 
merate of the Lower Cambrian system, we may then feel assured that 
the parent granite was formed before the Lower Cambrian formation. 
But if the incumbent strata be merely Silurian or Upper Cambrian, 
the fundamental granite, although of high antiquity, may be posterior 
in date to known fossiliferous formations. 

Protrusion of solid granite , — In part of Sutlierlandshire, near 
Brora, common granite, composed of felspar, quartz, and mica, is in 
immediate contact with Oolitic strata, and has clearly been elevated 
to the surface at a period subsequent to the deposition of those strata.* 
Professor Sedgwick and Sir R. Murchison conceive that this granite 
has been upheaved in a solid form ; and that in breaking through the 
submarine deposits, with which it was not perhaps originally in con- 
tact, it has fractured them so as to form a breccia along the line of 
junction. This breccia consists of fragments of shale, sandstone, and 
limestone, with fossils of the oolite, all united together by a calcareous 
cement. The secondary strata, at some distance from the granite, 
arc but slightly disturbed, but in proportion to their proximity the 
amount of dislocation becomes greater. 

If we admit that solid hypogene rocks, whether stratified or un- 
stratified, have in such cases been driven upwards so as to pierce 
through yielding sedimentary deposits, we shall be enabled to account 
for many geological appearances otherwise inexplicable. Thus, for 
example, at Weinbohla and Hohnstein, near Meissen, in Saxony, a 
mass of granite has been observed covering strata of the Cretaceous 
and Oolitic periods for the space of between 300 and 400 yards 
square. It appears clearly from a memoir of Dr. B. Cotta on this 
subject f, that the granite was thrust into its actual position when 
solid. There are no intersecting veins at the j unction, — no alteration 
as if by heat, but evident signs of rubbing, and a breccia in some 
places, in which pieces of granite are mingled with broken fragments 
of the secondary rocks. As the granite overhangs both the lias and 
chalk, so the lias is in some places bent over strata of the cretaceous era. 

Relative age of the granites of Arran, — In this island, the largest 
in the Firth of Clyde, being twenty miles in length from north to 
south, the four great classes of rocks, the fossiliferous, volcanic, plu- 
tonic, and metamorphic, are all conspicuously displayed within a 
very small area, and with their peculiar characters strongly con- 
trasted. In the north of the island the granite rises to the height 
of nearly 3000 feet above the sea, terminating in mountainous peaks. 
(See section, fig. 754.). On the fianks of the same mountains are 
chloritic-schists, blue roofing-slate, and other rocks of the metamor- 
phic order (No. 1.), into which the granite (No. 2.) sends veins. 
This granite, therefore, is newer than the hypogene schists (No. 1.), 
which it penetrates. 

Those sciiists are highly inclined. Upon them rest beds of con- 

* Murchison, Geol. Trims., 2d series, t Gcognostischc Waiiderungcn, Leip- 
vol it. p. 307 wg» 1838. 
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glomerate and sandstone (No. 3.), which are referable to the Old 
!Red formation, fo which succeed various shales and limestones 
(No. 4.) containing the fossils of the Carboniferous period, upon 
which are other strata of sandstone and conglomerate (the higher 
beds of No. 4.), in which no fossils have been met with. These are 
perhaps carboniferous, though it has been conjectured that they may 
belong to the New Red Sandstone, or at least to some part of the 
Poikilitic period. All the preceding formations are cut through by 
the volcanic rocks (No. 6.), which consist of greenstone, basalt, 
pitchstone, felstono and other varieties. These appear either in the 
form of dikes, or in dense masses from 50 to 700 feet in thickness, 
overlying the strata (No. 4.). In one region, at Plovcrfield, in Glen 
Cloy, a fine-grained granite (5 a) is seen to send veins through the 
sandstone or the upper strata of No. 4. This interesting discovery 
of granite in the southern region of Arran, at a point where it is 
separated from the northern mass of the same rock by a great thick- 
ness of secondary strata, was made by M. L. A. Necker of Genevj , 
during his survey of Arran in 1839. Dr. MacCulloch had long be- 
fore pointed out that in the granitic nucleus of the north tliere were 
two distinct varieties of granite (see diagram, p. 722.) occupying 
separate tracts, both consisting of quartz, felspar, and mica, but tlie 
crystalline grains in the fine variety being so small as often to im- 
part to it an arenaceous aspect and sandy feel. Prof. Ramsay 
afterwards traced out the geographical limits of both varieties, and 
these have since been more precisely defined and laid down on a map 
by Dr. Bryce, author of a valuable work on the g^eology of Arran. 
The last-mentioned observer remarks that the fine-grained kind 
never reaches so great an elevation above the level of the sea as 
does the coarse-grained. He also discovered, in 1864, that the fine- 
grained variety is not entirely isolated, as formerly supposed, within 
a boundary of the coarse, but that, on the south side of the nucleus, 
it comes into contact with the slates, which it penetrates and alters. 
The same geologist .also found that, besides the outlier of fine- 
grained granite at Plovcrfield, there is another smaller outbreak of 
the same rock to the westward, a qu«artcr of a mile long and from 
250 to 300 yards broad. It is called the Craig-Dhu granite, .and 
seems to rise at the junction of the Old Red sandstone with the 
Carboniferous strata. 

At and near the point of contact the base of the conglomerate of 
the Old Red consisting of sandstone is rendered crystalline, and 
fragments of granite of an elliptical form and of the same mineral 
structure as the adjoining mass of fine granite arc included in the 
sandstone or conglomerate. It has been already stated that no 
pieces of granite, rounded or angular, occur elsewhere in the Old 
Red, and as they are only found here in close proximity^ to the cry- 
stalline and intrusive rock, Dr. Bryce supposes that they were 
injected into the strata in a fiuid or semi-fiiiid state. I have seen 
a similar junction in Caithness, of which Sir R. Murchison in 
1827, and again in 1828 jointly with Professor Sedgwick, has given 
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a faithful description. Close to the point of contact of certain 
oolitic sandstones, shales 'and limestones in the 'Caithness cliffs, 
a breccia occurs containing granite fragments mixed with those 
of the invaded rock. The granite, they say, appears as if it 
had been mechanically driven in among the shattered and altered 
strata.* In the coarse-grained granite of the northern nucleus 
trap-dikes of pitchstonc and basalt are numerous, but dikes are 
comparatively rare in the fine-grained granite, and were even sup- 
posed to be entirely wanting until three or four, consisting of basalt 
and greenstone, were discovered by Dr. Bryce, running north and 
north-west. It seems therefore fair to infer, as Prof. Ramsay has done, 
that many of the dikes penetrating the older granite are cut off at 
the junction of the newer or fine-grained variety in the manner ex- 
pressed at ft, c, d, fig. 754., though no such cutting off has been 
actually observed. We may also feel assured that some of the dikes 
traversing the fine must also penetrate the coarse-grained granite, 
as Dr. Bryce infers, although, as yet, he has not observed the actual 
})assage of any one from the newer to the older rock. There can 
be scarcely a doubt that the fine-grained variety of nucleus and the 
similar rocks of Ploverfield and Craig-Dhu are of contemporaneous 
date, iind they seem to be more modern than all the formations of 
Arran, except the overlying trap (No. 6.) and its associated dikes. 
But the cojirser granite (No. 2.) may be the oldest rock in Arran, 
with the exception of the hypog(*ne slates (No. 1.), into which it 
sends veins, and which it alters at the point of contact. 

An objection may perhaps at first be started to this conclusion, 
derived from the curious and striking fact, the importance of which 
was first emphatically pointed out by Dr. MacCulloch, that no 
pebbles of granite occur in the conglomerates of the red sandstone 
in Arran, although these conglomerates are several hundred feet in 
thickness, and lie at the foot of lofty granite mountains, which tower 
above them. As a general rule, all such aggregates of pebbles and 
sand are mainly composed of the wreck of pre-existing rocks occur- 
ring in the immediate vicinity. The total absence therefore of gra- 
nitic pebbles has justly been a theme of wonder to those geologists 
who have successively visited Arran, and they have carefully searched 
there, as I have done myself, to find an exception, but in vain. The 
rounded masses consist exclusively of quartz, chlorite-schist, and 
other members of the metamorphic scries ; nor in the newer conglo- 
merates of No. 3. have any granitic fragments been discovered. Are 
we then entitled to affirm that the coarse-grained granite (No. 2.), like 
the fine-grained variety (No. 5.), is more modern than all the other 
rocks of the island? Tliis we cannot assume, but we may confidently 
infer that when the various beds of sandstone and conglomerate were 
formed, no granite had reached the surface, or had been exposed to 
denudation in Arran. It is clear that the crystalline schists were 
ground into sand and shingle when the strata No. 3. were deposited. 


* Gcol. Trans., Second Series, vol. ii. p. 353., and vol. iii. p. 132. 
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and at that time the waves had never acted upon the granite, which 
now sends its veins into the schist. May we then conclude, that the 
schists suffered denudation before they were invaded by granite? 
The opinion, although not inadmissible^ is by no means fully borne 
out by the evidence. For at that time when the Old Red Sandstone 
originated, the metamorphic strata may have formed islands in the 
sea, as in fig. 755., over which the breakers rolled, or from which 

Fig. 755. 



torrents and rivers descended, carrying down gravel and sand. The 
plutoriic rock or granite fn) may even then Iiave been previously 
injected at a certain depth below, and yet may never have been 
exposed to denudation. 

As to the time and manner of the subsequent protrusion of the 
coarse-grained granite (No. 2.), this rock may have been thrust up 
bodily in a solid form, during that long series of igneous operations 
which produced the plutonic formations (No. 5.), and some of the 
trap dikes of the same age. 

We have shown that these eruptions, whatever their date, were 
posterior to the deposition of all the fossiliferous strata of Arran. 
We can also prove that subsequently both the granitic and trappean 
rocks underwent great aqueous denudation, which they probably 
suffered during their emergence from the sea. The fact is demon- 
strated by the abrupt truncation of numerous dikes, such as those at 
b, c, d, which are cut off on the surface of the granite and trap. 

The theory of the protrusion in a solid form of the northern 
nucleus of granite is confirmed by the manner in which the hypogene 
slates (No. 1.) and the beds of conglomerate (No. 3.) dip away from 
it on all sides. In some places indeed the slates are inclined towards 
the granite, but this exception might have been looked for, because 
these hypogene strata have undergone disturbances at more than 
one geological epoch, and may at some points, perhaps, have their 
original order of position inverted. The high inclination, therefore, 
and the quaquaversal dip of the beds around the borders of the 
granitic boss, and the comparative horizontality of the fossiliferous 
strata in the southern part of the island, are facts which all accord 
with the hypothesis of a great amount of movement at that point 
where the granite is supposed to have been thrust up bodily, and 
where we may conceive it to have been distended laterally by the 
repeated injection of fresh supplies of melted materials.* 

* For the geology of Arran, which I Trans., Second Ser.), Mr. L. A. Necker’s 
examined myself in 18.36, consult the Memoir, read to the Royal Soc. of Edin. 
works of Drs. Hutton and MficCulloch, 20th April, 1840, and Prof. Ramsay’s 
the Memoirs of Messrs. Von Dechen Geol. of Arran, 184\, and lastly, Mr. 
and Ocynhausen, that of Professor Bryce’s Geol. of Arran and Clydesdale, 
Sedgwick and Sir R. Murchison (Geol. Srd ed. 1864. 
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CHAPTER XXXV. 

METAMORPHIC BOCKS. 

General character of mctamorphic rocks — Gneiss — Ilornblcnde-schist — Mica- 
schist — Clay-slate — Quartzite — Chlorite-schist — Mctamorphic limestone — 
Alphabetical list and explanation of the more abundant rocks of this family 
— Origin of the metamorphic strata — Their stratification — Tossiliferous strata 
near intrusive masses of granite converted into rocks identical with diftcrent 
members of the metamorphic series — Arguments hence derived as to the 
nature of plutonic action — Time may enable this action to pervade denser 
masses — From what kinds of sedimentary rock each variety of the mctainorph ^ 
class may bo derived — Certain objections to the metamorpMc theory considered 
— Partial conversion of Eocene slate into gneiss. 

We have now considered three distinct classes of rocks ; first, the 
aqueous, or fossiliferous ; secondly, the volcanic ; and, thirdly, the 
plutonic, or granitic ; and it remains for us to examine those crys- 
talline (or liypogenc) strata to which the name of 7netamorphic 
lias been assigned. Tne last-mentioned term expresses, as before 
explained, a theoretical opinion that such strata, after having been 
dc'posited from water, acquired, by the influence of heat and oilier 
causes, a highly crystalline texture. They who still question this 
opinion may call tlie rocks under consideration the stratified hypo- 
gene, or schistose hypogene formations. 

These rocks, when in their most characterislic or normal state, are 
wholly devoid of organic remains, and contain no distinct fragments 
of other rocks, whether rounded or angular. They sometimes break 
out in the central parts of narrow mountain chains, but in other 
cases extend over areas of vast dimensions, occupying, for example, 
nearly the whole of Norway and Sweden, where, as in Brazil, they 
appear alike in the lower and higher grounds.- In Great Britain, 
thosh members of the series which approach most nearly to granite 
in their composition, as gneiss, mica-schist, and hornblende-schist, 
are confined to the country north of the rivers Forth and Clyde. 

However crystalline these rocks may become in certain regions, 
they never, like granite or trap, send veins into contiguous forma- 
tions, whether into an older schist or granite or into a set of newer 
fossiliferous strata. 

Many attempts have been made to trace a general order of suc- 
cession or superposition in the members of this family ; clay-slato, 
for example, having been often supposed to hold invariably a higher 
g^logical position than mica-schist^ and* mica-schist always to 
ovei'lio gneiss. But although such an order may prevail through- 
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out limited districts, it is by no means universal. To this subject, 
liowevcr, I shall again revert, in the 37th chapter, when the chro- 
nological relations of the metamorphic rocks arc pointed out. 

The followiiig may be enumerated as the principal members of the 
mcjtamorphic class : — gneiss, mica-schist, hornblende-schist, clay- 
slat e, chlorite-schist, hypogene or metamorphic limestone, and certain 
kinds of quartz-rock or quartzite. 

Gneiss. — The first of these, gneiss, may be called stratified, or, by 
those who object to that term, foliated, granite, being formed of the 
same materials as granite*, namely, felspar, quartz, and mica. In the 
specimen here figured, the white layers consist almost exclusively of 
granular felspar, with here and there a speck of mica and grain of 
quartz. The dark layers arc composed of grey quartz and black 


Fig. 756. 



Fragment of giicMss, natural size: section made at right angles to 
the planes ol foli.ition. 


mica, with occasionally a grain of felspar intermixed. The rock 
s[)lits most easily in the plane of these darker layers, and the surface 
thus exposed is almost entirely covered with shining spangles of 
mica. The accompanying quartz, however, greatly predominates in 
tpiantity, but the most ready cleavage is determined by the abun- 
dance of mica in certain parts of the dark layer. 

Instead of consisting of these thin laminae, gneiss is sometimes 
simply divided into thick beds, in which the mica has only a slight 
degree of parallelism to the planes of stratification. 

Ihe term “gneiss,” however, in geology is commonly used in a 
wider sense, to designate a formation in which the above-mentioned 
rock prevails, but with which any one of the other metamorphic 
rocks, and more especially hornblende-schist, may alternate. These 
other members of the metamorphic series are, in this case, considered 
as subordinate to the true gneiss. 

The different varieties of rock allied to gneiss, into which felspar 
enters as an essential ingredient, will be understood by referring to 
what was said of granite. Thus, for example, hornblende may be 
superadded to mica, quartz, and felspar, forming a syenitic gneiss ; 
or talc may be substituted for mica, constituting talcose gneiss, a 
rock composed of felspar, quartz, and talc, in distinct crystals or 
grains (stratified protogine of tho French). 

Hornblende-schist is usually black, and composed principally of 
hornblende, with a variable quantity of felspar, and sometimes grains 
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of qnuiiz. When the hornblende and felspar are nearly in equal 
quantities, and the rock is not slaty, it corresponds in character with 
the greenstones of the trap family, and has been called primitive 
greenstone.” It may be termed hornblende rock. Some of these 
hornblendic masses may really have been volcanic rocks, which have 
since assumed a more crystalline or metamorphic texture. 

Mica-schUty ov Micaceous schist, is, next to gneiss, one of the most 
abundant rocks of the metamorphic series. It is slaty, essentially 
composed of mica and quartz, the mica sometimes appearing to con- 
stitute the whole mass. Beds of pure quartz also occur in this 
formation. In some districts, garnets in regular twelve-sided crystals 
form an integrant part of mica-schist. This rock passes by insensible 
gradations into clay-slate. 

Clay-slate, or Argillaceous schist . — This rock sometimes resembles 
an indurated clay or shale. It is for the most part extremely fissile, 
often aifording good roofing-slate. Occasionally it derives a shining 
and silky lustre from the minute particles of mica or talc which * 
contains. It varies from greenish or bluish-grey to a lead colour ; 
and it may be said of this, more than of any other schist, that it is 
common to the metamorphic and fossiliferous series, for some clay- 
slates taken from each division would not be distinguishable by 
mineral characters alone. 

Quartzite, or Quartz rock, is an aggregate of grains of quartz 
which are either in minute crystals, or in many cases slightly 
rounded, occurring in regular strata, associated with gneiss or other 
metamorphic rocks. Compact quartz, like that so frequently found 
in veins, is also found together with granular quartzite. Both of 
these alternate with gneiss or mica-schist, or pass into those rocks 
by the addition of mica, or of felspar and mica. 

Chlorite-schist is a green slaty rock, in which chlorite is abundant 
in foliated plates, usually blended with minute grains of quartz, or 
sometimes with felspar or mica ; often associated with, and gra- 
duating into, gneiss and clay-slate. 

Crystalline or Metamorphic limestone. — This hypogene rock, 
called by the earlier geologists primary limestone, is sometimes a 
white crystalline granular marble, which when in thick beds can be 
used in sculpture ; but more frequently it occurs in thin beds, form- 
ing a foliated schist much resembling in colour and appearance 
certain varieties of gneiss and mica-schist. When it alternates with 
these rocks, it often contains some crystals of mica, and occasionally 
quartz, felspar, hornblende, talc, chlorite, garnet, and other minerals. 
It enters sparingly into the structure of the hypogene districts 
of Norway, Sweden, and Scotland, but is largely developed in the 
Alps. 

Before offering any farther observations on the probable origin of 
the metamorphic rocks, I subjoin, in the form of a gloi^ary, a brief 
explanation of some of the principal varieties, and their synonyms. 
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Explamtion of the Names, Sywmym*, and Mmeral Composition of 
the more abundant Metamorphie Rocks. 

AoToroUTE-scHiST. A slaty foliated rock, composed chiefly of actinolite, (an 
emerald-gieen mineral, allied to hornblende,) with some admixture of 
garnet, mica, and quartz. 

Amfelite. Aluminous slate (Brongniart) ; occurs both in the metamorphie and 
fossiliferous scries. 

Amphibolite, Hornblende rock, which see. 

Augillaceous-schist, or Clat-slate. See p. 726. 

Akkose. Name given by Brongniart to a compound of the same materials as 
granite, which it often resembles closely. It is found at the junction of 
granite with formations of different ages, and consists of crystals of felspar, 
quartz, and sometimes mica, which, after separation from their original 
matrix by disintegration, have been reunited by a siliceous or quartzose 
cement. It is often penetrated by quartz veins. 

CniASTOLiTE-SLATB scoTcely differs from clay-slate, but includes numerous crystals 
of Chiastolite : in considerable thickness in Cumberland. Chiastolite 
occurs in long slender rhomboidal crystals. For composition, see Table, 

p. 602. 

CiiLORiTE-scHiST. A green slaty rock, in which chlorite, a green scaly mineral, 
is abundant. See p. 726. 

Clat-slate or Argillaceous-schist. See p. 726. 

Eurite has been already mentioned as a plutonic rock (p. 700.), but occurs also 
with precisely the same composition in beds subordinate to gneiss or mica- 
slate. 

Gneiss. A stratified or foliated rock ; has the same composition as granite. See 
p. 725. 

Hornblende Rock, or Amphibolite. See above, p. 600. A member both of 
the volcanic and metamorphie series. Agrees in composition with horn- 
blende-schist, but is not fissile. 

Hornblende-schist, or slate. Composed of hornblende and felspar. See 
p. 725. 

IfoRNBLENDic or Stenitig Gneiss. Composcd of felspar, quartz, and horn- 
blende. 

IItpogene Limestone. See p. 726. 

Marble. See pp. 12. & 726. 

Mica-schist, or Micaceous-schist. A slaty rock, composed of mica and 
quartz, in variable proportions. See p. 726. 

Mica-slate. See Mica-schist, p. 726. 

Phtllade. D’Aubuisson’s term for clay-slate, from a heap of leaves. 

Primary Limestone. See Hypogene Limestone, p. 726. 

pROTOGiNE. See Talcose-gneiss, p. 725.; when uustratified it is Talcose- 
granite. 

Quartz Rock, or Quartzite. A stratified rock ; an aggregate of grains of 
quartz. See p. 726. 

Serpentine has already been described (p. 601.) because it occurs in both divi- 
sions of the hypogene series, as a stratified or unstratified rock. 

Talcose-gneiss.* Same composition as talcose-granite or protogine, but stratified 
or foliated. See p. 72j. 

Talcose-schist consists chiefly of talc, or of talc and quartz, or of talc and fel- 
spar, and has a texture something like that of clay-slate. 
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Origin of the Metamorphic Strata, 

Having said thus much of the mineral composition of the meta- 
morphic rocks, I may combine what remains to be said of their 
structure and history with an account of the opinions entertained of 
their probable origin. At the same time, it may be well to forewarn 
the reader that we are here entering upon ground of controversy, 
and soon reach the limits where positive induction ends, and beyond 
which we can only indulge in speculations. It was once a favourite 
doctrine, and is still maintained by many, that these rocks owe their 
crystalline texture, their want of all signs of a mechanical origin, or 
of fossil contents, to a peculiar and nascent condition of the planet at 
the period of their formation. The arguments in refutation of this 
hypothesis will be more fully considered when I show, in the thirty- 
seventh chapter, to how many different ages the metamorphic 
formations are referable, and how gneiss, mica-schist, clay-slate, and 
hypogenc limestone (that of Carrara for example) have been formed, 
not only since the first introduction of organic beings into this planet, 
but even long after many distinct races of plants and animals had 
passed away in succession. 

The doctrine respecting the crystalline strata, implied in the 
name metamorphic, may ])roperly be treated of in this i)hice ; and 
wt* must first inquire whether these rocks are really entitled to be 
called stratified in the strict sense of having been originally de- 
posited as sediment from water. The general adoption by geologists 
of llie t(‘rm stratified, as applied to these rocks, sufficiently attests 
their division into beds v(iry analogous, at least in form, to ordinary 
fossiliferous strata. This resemblance is by no means confined to 
the existence in both occasionally of a laminated structure, but ex- 
tends to every kind of arrangement which is compatible with the 
absence of fossils, and of sand, pebbles, ripple-mark, and other cha- 
racters which the metamorphic theory supposes to have been ob- 
literated by plutonic action. Thus, for example, we behold alike in 
the crystalline and fossiliferous formations an alternation of beds 
varying greatly in composition, colour, and thickness. We observe, 
for instance, gneiss alternating with liiyers of black hornblende- 
schist, or of green chlorite-schist, or with granular quartz, or lime- 
stone ; and the interchange of these different strata may be repeated 
for an indefinite number of times. In the like manner, mica-schist 
alternates with chlorite-schist, and with beds of pure quartz or of 
granular limestone. 

We have already seen that, near the immediate contact of granitic 
veins and volcanic dikes, very extraordinary alterations in rocks 
have taken place, more especially in the neighbourhood of granite. 
It will be useful here to add other illustrations, showing that a tex- 
ture undistinguishable from that which characterizes the more 
crystalline metamorphic formations has actually been superinduced 
in strata once fossiliferous. 
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In tliG southern extremity of Norway there is a large district, on 
the Avest side of the fiord of Christiania, in which granite or syenite 
protrudes in mountain masses through fossiliferous strata, and usually 
pends veins into them at tlic point of contact. TIjo stratified rocks, 
replete Avith shells and zoophytes, consist chiefly of shale, limestone, 
and some sandstone, and all these arc invariably altered near the 
granite for a distance of from 50 to 400 yards. The aluminous 
shales arc hardened and have become flinty. Sometimes they rc- 
senible jasper. Eibboned jasper is produced by the hardening of 
al1(*rnate layers of green and chocolate -coloured schist, each stripij 
faithfully representing the original lines of stratification. Nearer 
the granite the schist often contains crystals of hornblende, Avhicli 
arc even met with in some places for a distance of several hundrecl 
yards from the junction; and this black hornblende is so abundant 
that eminent geologists, Avhen passing through the country, have 
confounded it with the ancient hornblende-schist, subordinate to the 
gr(*at gneiss formation of Norway. Frequently, betAveen the granite 
and the hornblende slate, above-mentioned, grains of mica and crys- 
talline felspar appear in the schist, so that rocks resembling gneiss 
and mica-schist are produced. Fossils can rarely be defected in 
1h(‘se schists, and they are more completely effaced in proportion to 
the more crystalline texture of the beds, and their vicinity to the 
granite. In some places the siliceous matter of the schist becomes a 
granular quartz ; and when hornblende and mica are added, the 
altered rock loses its stratification, and passes into a kind of granite. 
The limestone, Avhich at points remote from the granite is of an 
earthy texture and blue colour, and often abounds in corals, becomes 
a whit(5 granular marble near the granite, sometimes siliceous, the 
granular structure extending occasionally upwards of 400 yards from 
the junction ; the corals being for the most part obliterated, though 
sometimes preserved, even in the Avhite marble. Both the altered 


Fig. 757. 



Altered zone of fossiliferous slate and limestone near granite. Christiania. 
TAe arrows indicate the dip, and the straight lines the strike, of the beds. 


limestone and hardened slate contain garnets in many places, also 
ores of iron, lead, and^ copper, with some silver. These alterations 
occur equally, whether the granite invades the strata in a line pa- 
rallel to the general strike of the fossiliferous beds, or in a line at 
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right angles to their strike, as will bo seen by the accompanying 
ground plan.* 

The indurated and ribboned schists above mentioned bear a strong 
resemblance to certain shales of the coal found at Russell’s Hall, 
near Dudley, where coal-mines have been on fire for ages. Beds of 
shale of considerable thickness, lying over the burning coal, have 
been baked and hardened so as to acquire a flinty fracture, the layers 
being alternately green and brick-coloured. 

The granite of Cornwall, in like manner, sends forth veins into a 
coarse argillaceous-schist, provincially termed killas. This killas is 
converted into hornblende-schist near the contact with the veins. 
These appearances are well seen at the junction of the granite and 
killas, in St. Michael’s Mount, a small island nearly 300 feet high, 
situated in the bay, at a distance of about three miles from Pen- 
zance. 

The granite of Dartmoor, in Devonshire, says Sir II. Do la Beche, 
has intruded itself into the slate and slaty sandstone called grcywackv , 
twisting and contorting the strata, and sending veins into theun. 
Hence some of the slate rocks have become “ micaceous ; others more 
indurated, and with the characters of mica-slate and gneiss ; while 
others again appear converted into a hard-zoned rock strongly im- 
pregnated with felspar.” f 

We learn from the investigations of M. Dufrenoy, that in the 
eastern Pyrenees tliere arc mountain masses of granite posterior in 
date to the formations called lias and chalk of that district, and that 
these fossiliferous rocks are greatly altered in texture, and ofte n 
charged with iron-ore, in the neighbourhood of the granite. Thus 
in the environs of St. Martin, near St. Paul de F^nouillet, the chalky 
limestone becomes more crystalline and saccharoid as it approaches 
the granite, and loses all trace of the fossils which it previously con- 
tained in abundance. At some points, also, it becomes dolomitic, 
and filled with small veins of carbonate of iron, and spots of red 
iron-ore. At Rancie the lias nearest the granite is not only filled 
with iron-ore, but charged with pyrites, tremolite, garnet, and a new 
mineral somewhat allied to felspar, called, from the place in the 
Pyrenees whore it occurs, couzeranite.” 

Now the alterafions above described as superinduced in rocks by 
volcanic dikes and granite veins prove incontestably that powers 
exist in nature capable of transforming fossiliferous into crystalline 
strata — powers capable of generating in them a new mineral charac- 
ter, similar to, nay, often absolutely identical with that of gneiss, 
mica-schist, and other stratified membera of the hypogene series. The 
precise nature of these altering causes, which may provisionally be 
termed plutonic, is in a great degree obscure and doubtful ; but 
their reality is no less clear, and we must suppose the influence of 
heat to be in some way connected with the transmutation, if, for 
reasons before explained, we concede the igneous origin of granite. 


* Keilhau, Gaea Norvegica, pp.6I— 63. 


t Geol. Manual, p> 479* 
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The experiments of Gregory Watt, in fusing rocks in the labora- 
tory, and allowing them to consolidate by slow cooling, prove dis- 
tinctly that a rock need not be perfectly melted in order that a 
re-arrangement of its component particles should take place, and a 
partial crystallization ensue.* We may easily suppose, therefore, 
that all traces of shells and other organic remains may be destroyed ; 
and that new chemical combinations may arise, without the mass being 
so fused as that the lines of stratification should be wholly obliterated. 

Wo must not, however, imagine that heat alone, such as may be 
applied to a stone in the open air, can constitute all that is comprised 
in plutonic action. We know that volcanos in eruption not only 
emit fluid lava, but give off steam and other heated gases, which 
rush out in enormous volume, for days, weeks, or years continuously, 
and are even disengaged from lava during its consolidation. 

We also know that long after volcanos have spent their force, 
hot springs continue for ages to flow out at various points in the 
same area. In regions also subject to violent earthquakes such 
springs are frequently observed issuing from rents, usually along 
lines of fault or displacement of the rocks. Those thermal waters 
are most commonly charged with a variety of mineral ingredients, 
and they retain a remarkable uniformity of temperature from cen- 
tury to century. A like uniformity is also persistent in the natui*e 
of the earthy, metallic, and gaseous substances with which they are 
impregnated. It is well ascertained that springs, whether hot or 
cold, charged with carbonic acid, and especially with hydrofluoric 
acid, which is often present in small quantities, are powerful causes 
of decomposition and chemical re-action in rocks through which they 
percolate. 

The changes which Daubree has shown to have been produced 
by the alkaline waters of Plombieres in the Vosges, are more espe- 
cially instructive.*!* These waters have a heat of 160° F., or an 
excess of 109° above the average temperature of ordinary springs in 
that district. They were conveyed by the Romans to baths through 
long conduits or aqueducts. The foundations of some of their works 
consisted of a bed of concrete made of lime, fragments of brick, and 
sandstone. Through this and other masonry the hot waters have 
been percolating for centuries, and have given rise to various zeo- 
lites — apophyllite and chabazite among others ; also to calcareous 
spnr, arragonite, and fluor spar, together with siliceous minerals, 
such as opal, — all found in the interspaces of the bricks and mortar, 
or constituting part of their re-arranged materials. The quantity of 
heat brought into action in this instance in the course of 2000 years 
has, no doubt, been enormous, but the intensity of it developed at 
any one moment has been always inconsiderable. 

From these facts and from the experiments and observations of 

♦ Phil Tran*., 1804. 

I Daubree, Sur le M4tamorphUme ; Pari*, 1860. 
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S6narmont, Daiibree, Delesse, Scheerer, Sorby, Sterry Hunt, and 
others, we are led to infer that when in the bowels of the earth 
there are large volumes of molten matter, containing heated water 
and various acids under enormous pressure, these subtciTancan fluid 
masses will gradually part with their heat by the escape of steam 
and various gases through fissures, producing hot springs ; or by the 
passMge of the same througli the pores of the overlying and injected 
rocks. Even the most compact rocks may be regarded, before they 
have been exposed to the air and dried, in the light of sponges filled 
with water. According to the experiments of Henry, water, under 
an hydrostatic pressure of 96 feet, will absorb three times as much 
carbonic acid gas as it can under the ordinary pressure of the atmo- 
sjdiere. There are other gases, as well as the carbonic acid, which 
water absorbs, and more rapidly in proportion to the amount of 
pressure. Although the gaseous matter first absorbed would soon 
be condensed, and part with its heat, yet the continual arrival of 
frc?sh supplies from below might, in the course of ages, cause the 
tcmpc'rature of the water, and with it thfit of the containing rock, to 
be materially raised, the water acts not only as a vehicle of heat, 
but also by its affinity for various silicates, Avliich, when some of the 
materials of tlie invaded rocks are decomposed, form quartz, felspar, 
mica, and other minerals. As for quartz, it can be produced under 
the influenee of heat by water liolding alkaline silicates in solution, 
as in the case of the Plombiercs s])rings, without any chemical re- 
action. The quantity of water required, according to Dauhree, to 
produce great iransforrnatioiis in the mineral structure of rocks, is 
very small. As to the heat required, silicates may be produced in 
the moist way at about incipient i*(‘d heat, whereas to form the same 
in the dry way would require a much higher temperature. 

M, Fouriiet, in his description of the metalliferous gneiss near 
Clermont, in Auvergne, states that all tlie minute fissures of the rock 
are quite saturated with free carbonic acid gas ; which gas rises 
plentifully from tlie soil there and in many parts of the surrounding 
country. The various elements of the gneiss, with the exception of 
the quartz, are all softened ; and new combinations of the acid with 
lime, iron, and manganese are continually in progress.* 

Another illustration of tlie power of subterranean gases is aflbrded 
by the Stufas of St. Calogero, situated in the largest of the Lipari 
Islands. Here, according to the description published by Hoffmann, 
horizontal strata of tuff, extending for 4 miles along the coast, and 
forming cliffs more than 200 feet high, have been discoloured in 
various places, and strangely altered by the “all-penetrating va- 
pours.” Dark clays have become yellow, or often snow-white ; or 
have assumed a chequered or hrecciated appearance, being crossed 
wTth ferruginous red stripes. In some places the fuitieroles have 
been found by analysis to consist partly of sublimations of oxide of 
iron ; but it also appears that veins of chalcedony and opal, and 

* See Principles, Index^ Carbonated Springs,** &c. 
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others of fibrous gypsum, have resulted from these volcanic exhala- 
tions.* 

The reader may also refer to M. Virlet’s account of the corrosion 
of hard, flinty, and jaspideous rocks near Corinth by the prolonged 
agency of subterranean gases f ; and to Dr. Daubeny’s description of 
the decomposition of trachytic rocks in the Solfatara, near Naples, 
by sulphuretted hydrogen and muriatic acid gases.^ 

Although in all these instances we can only study the phenomena 
as exhibited at the surface, it is clear that the gaseous fluids must 
have made their way through the whole thickness of porous or 
fissured rocks, which intervene between the subterranean reservoirs 
of gas and the external air. The extent, therefore, of the earth’s 
crust which the vapours have permeated and are now permeating 
may be thousands of fathoms in thickness, and their heating and 
modifying influence may be spread throughout the whole of this 
solid mass. 

We learn from Professor Bischoff that the steam of a hot spring 
at Aix-la-Chapclle, although its temperature is only from 133® to 
1(37° F., has converted the surface of some blocks of black marble 
into a doughy mass. He conceives, therefore, that steam in the 
bowels of the earth having a temperature equal or even greater than 
the melting point of lava, and having an elasticity of which even 
Papin’s digester can give but a faint idea, may convert rocks into 
liquid matter.^ 

The above observations are calculated to meet some of the ob- 
jections which have been urged against the mctamorphic theory on 
the ground of the small power of rocks to conduct heat ; for it is 
well known that rocks, when dry and in the air, differ remarkably 
from metals in this respect. It has been asked how the changes 
which extend merely for a few feet from the contact of a dike could 
have penetrated through mountain masses of crystalline strata 
several miles in thickness. Now it has been stated that the plu- 
tonic influence of the syenite of Norway has sometimes altered 
fossiliferous strata for a distance of a quarter of a mile, both in the 
direction of their dip and of their strike. (See fig. 757. p. 729.) 
This is undoubtedly an extreme case ; but it is natural to suppose 
that analogous causes may, under favourable circumstances, affect 
masses of greater volume. The metamorphic theory does not 
require us to affirm that some contiguous mass of granite has been 
the altering power ; but merely that an action, existing in the 
interior of the earth at an unknown depth, whether thermal, hydro- 
thermal, or other, analogous to that exerted near intruding masses 
of granite, has, in the course of vast and indefinite periods, and 
when rising perhaps from a large heated surface, reduced strata 

• 

* Hoffman’s Liparischcnlnscln.p. 38. % See Princ. of Gcol. ; and Daubeny’s 

Leipzig, 1S32. • Volcanos, p. 167- 

t Sec rrinc. of Gcol.; and Bulletin § Jam. Ed. New Phil. Journ.,No.51. 
de la Soc. Gtol. dc Prance, tom. ii. p. 43. 
p. 230. 
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thousands of yards thick to a state of semifusion, so that on cooling 
they have become crystalline, like gneiss. 

The prominent part which water has played in distributing the 
heat of the interior through mountain masses of incumbent strata, 
and in conveying various mineral elements in a fluid or gaseous 
state into the same masses, so as to give rise in the course of long 
geological periods to vast chemical changesf enables us to dispense 
with the intense heat formerly thought necessary for the production 
of the metamorphic rocks. But, on the other hand, the length of 
time which must have been consumed during the escape of so much 
heat from molten matter underlying the solid crust, at the depth of 
many miles, raises our conception of the great original intensity of 
temperature required to bring those subterranean sheets of lava 
into a liquid state. That they are sometimes of vast horizontal 
extent, even hundreds of miles in length, seems proved by facts 
observed during eruptions in the volcanic region of the Andes. 

The scorching heat radiated by lava in a volcanic crater, when it 
is white and glowing like the sun, prepares us to believe that the 
temperature of the same fluid thousands of fathoms below, must far 
exceed any heat which can ever be witnessed at the surface. 'The 
uniform composition, the absence of stratification, and the great 
volume of the plutonic rocks, is in perfect accordance with the 
Huttonian hypothesis of the intense heat to which this class of rocks 
has owed its origin. 

In considering, then, the various data already enumerated, the 
forms of stratification and lamination in metamorphic rocks, their 
passage on the one hand into the fossil iferous, and on the other into 
the plutonic formations, and the conversions which can be ascer- 
tained to have occurred in the vicinity of granite, we may conclude 
that gneiss and mica-schist may be nothing more than altered 
micaceous and argillaceous sandstones, that granular quartz may 
have been derived from siliceous sandstone, and compact quartz 
from the same materials. Clay-slate may be altered shale, and 
granular marble may have originated in the form of ordinary lime- 
stone, replete with shells and corals, which have since been obli- 
terated; and, lastly, calcareous sands and marls may have been 
changed into impure crystalline limestones. 

“ Hornblende-schist,” says Dr. MacCulloch, “ may at first have 
been mere clay ; for clay or shale is found altered by trap into 
Lydian stone, a substance differing from hornblende-schist almost 
solely in compactness and uniformity of texture.” ♦ “ In Shetland,” 
remarks the same author, “ argillaceous-schist (or clay-slate), when 
in contact with granite, is sometimes converted into hornblende- 
schist, the schist becoming first siliceous, and ultimately, at the 
cdntact, hornblende-schist.” j* 

The anthracite and plumbago associated with hypogeno rocks 
may have been coal ; for not only is coal coii verted into anthracite 


* Syst. of GeoL, vol. i. p. 210. 


t Ibid., p. 211. 
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in the vicinity of some trap dikes, but we have seen that a like 
change has taken place generally even far from the contact of 
igneous rocks, in the disturbed region of the Appalachians.* At 
Worcester, in the state of Massachusetts, 45 miles due west of 
Boston, a bed of plumbago and impure anthracite occurs, inter- 
stratified with mica-schist. It is about 2 feet in thickness, and has 
been made use of both as fuel, and in the manufacture of lead 
pencils. At the distance of 30 miles from the plumbago, there 
occurs, on the borders of Rhode Island, an impure anthracite in 
slates containing impressions of coal-plants of the genera PecopteriSy 
NeuropterUy CalamiteSy &c. This anthracite is intermediate in 
character between that of Pennsylvania and the plumbago of 
Worcester, in which last the gaseous or volatile matter (hydrogen, 
oxygen, and nitrogen) is to the carbon only in the proportion of 
3 per cent. After traversing the country in various directions, I 
came to the conclusion that the carboniferous shales or slates with 
anthracite and plants, which in Rhode Island often pass into mica- 
schist, have at Worcester assumed a perfectly crystalline and meta- 
morphic texture ; the anthracite having been nearly transmuted into 
that state of pure carbon which is called plumbago or graphite.f 

It has been remarked by M. Delesse that the minerals developed 
in hypogene limestone vary according to the degree of metamor- 
phism which the rock has undergone. Thus, for example, where 
the structure is but slightly crystalline, talc, chlorite, serpentine, 
andalusite, and kyanite are commonly present ; where it is more 
highly crystallized, garnet, hornblende, wollastonite, dipyre, cou- 
zeraiiite, and some others appear ; and, lastly, where the crystalliza- 
tion is complete, there are found, in addition to many of the above 
minerals, felspar, especially those kinds which are richest in alkali, 
together with mica. The same author observes that, as calcareous 
deposits usually contain some aluminous clay, so we may naturally 
expect to meet with silicates of alumina in crystalline limestone; 
such silicates, accordingly, are frequent, and occasionally even pure 
alumina crystallized in the form of corundum. J 

Mr. Dana has suggested that the phosphoric acid of phosphate of 
lime, and the fluor of fluor-spar, so often mot with in crystalline 
limestones, may have been derived from the remains of mollusca 
and other animals ; also that graphite (which is pure carbon in a 
crystalline form, with or without admixture of alumina, lime, or 
iron) may have been derived from vegetable remains imbedded in 
the original matrix. 

The total absence of any trace of fossils has inclined many geo- 
logists to attribute the origin of the crystalline strata to a period 
antecedent to the existence of organic beings. Admitting, they say, 
the obliteration, in some cases, of fossils by plutonic action, we might 
still expect t\iat traces of them would oftener occur in certain ancient 

* See aboTe, pp. 494, 500. J Delesse, Bulletin See. G60I. France, 

t See Lyell, Quart. Geol. Joum., 2e s^rie, tom. ix. p. 126., 1851. 

▼ol. i. p. 199. 
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systems of slate, in which, as in Cumberland, some conglomerates 
occur. But in urging this argument, it seems to have been for- 
gotten that there arc stratified formations of enormous thickness, and 
of various ages, and some of them very modern, all formed after the 
earth had become the abode of living creatures, which are, never- 
theless, in certain districts, entirely destitute of all vestiges of or- 
ganic bodies. In some, the traces of fossils may have been effaced 
by water and acids, at many successive periods ; and it is clear, that 
the older the stratum, the greater is the chance of its being nonfossi- 
liferous, even if it has escaped all metamorphic action. 

It has been also objected to the metamorphic theory, that the 
chemical composition of the secondary strata differs essentially from 
that of the crystalline schists, into which they are supposed to bo 
convertible.* The “ primary” schists, it is said, usually contain a 
considerable proportion of potash, or of soda, which the secondary 
clays, shales, and slates do not, these last being tlie result of the de- 
composition of felspathic rocks, from udiich the alkaline matter has 
been abstracted during the process of decomposition. But this rea- 
soning proceeds on insuflicient and ap])arently mistaken data; for a 
large portion of what is usually called clay, marl, shale, and slate, does 
actually contain a certain, and often a considerable, proportion of 
alkali ; so that it is difficult, in many countries, to obtain clay or 
shale sufficiently free from alkaline ingredients to allow of their being 
burnt into bricks or used for pottery. 

Thus the argillaceous shales and slates of the Old Bed sandstone, 
in Forfarshire and other parts of Scotland, are so much charged with 
alkali, derived from triturated felspar, that, instead of hardening 
when exposed to fire, they sometimes melt into a glass. Tlicy con- 
tain no lime, but appear to consist of extremely minute grains of 
the various ingredients of granite, which are distinctly visible in 
the coarser-grained varieties, and in almost all the interposed 
sandstones. These laminated clays and shales miglit certainly, if 
crystallized, resemble in composition many of the primary strata. 

There is also potash in fossil vegetable remains, and soda in the 
salts by which strata are sometimes so largely impregnated, as in 
Patagonia. But reecuit analysis may be said to have settled the 
point at issue, by demonstrating that the carboniferous strata in 
England ■!■, the Upper and Lower Silurian in East Canada J, and 
the clay-slates (of Cambrian or Laurentian date ?) in Norway §, 
all contain as much alkali as is generally present in metamorphic 
rocks. 

Another objection has been derived from the alternation of higldy 
crystalline strata with others having a less crystalline texture. The 
heat, it is said, in its ascent from below must have traversed the less 
altered schists before it reached a higher and more crystalline bed. 

•Dr. Boase, Primary Geology, p. J TTunt, Phil. Mag., 4th ser., vol. vii. 
319. p. 237. 

t H. Taylor, Ed in. New. Phil. Journ., § Kycrsly, Norsk, Mag. for Naturvi- 
vol. 1., 1851, p. 140. deup., vul. viii. p. 172. 
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111 answer to this, it may be observed, that if a number of strata 
differing greatly in composition from each other be subjected to 
equal quantities of heat, or hydrothermal action, there is every pro- 
bability that some will be much more fusible or soluble than others. 
Some, for example, will contain soda, potash, lime, or some other in- 
gredient capable of acting as a flux or solvent ; while others may 
be destitute of the same elements, and so refractory as to be very 
slightly affected by the same causes. Nor should it be forgotten 
that, as a general rule, the less crystalline rocks do really occur in 
the upper, and the more crystalline in the lower part of each meta- 
morphic series. 

Moreover, metamorphism must often begin to exert its force 
long after the strata have assumed a vertical position, and it may 
then act locally or within limited areas, and will be as likely to 
affect the newer as the older beds. As an illustration of such 
partial conversion into gneiss of portions of a highly inclined set 
of beds, I may cite Sir R. Murchison’s memoir on the structure of 
the Alps. Slates provincially termed “ flysch ” (see above, p. 304. 
overlying the nummulite limestone of Eocene date, and comprising 
sonje arenaceous tiiid some calcareous layers, are seen to alternate 
several times with bands of granitoid rock, answering in character 
to gneiss.* In this case heat, vapour, or water at a hfgh tempera- 
ture may have traversed the more permeable beds, and altered them 
so far as to admit of an internal movement and re-arrangement of 
the molecules, while the adjoining strata did not give passage to 
the same heated gases or water, or if so, remained unchanged because 
they were composed of less fusible or decomposable materials. 
Whatever hypothesis we adopt, the phenomena establish beyond 
a doubt the possibility of the development of the metamorphic 
structure in a tertiary deposit in planes parallel to those of stratifi- 
cation. 

Whether such parallelism be the rule or the exception in gneiss, 
mica-scliist, and other formations of the same family, is a question 
which I shall discuss at length in the next chapter. 

♦ Geol. Quart. Journ., vol. v. p. 211., 1848. 
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CHAPTEE XXXVI. 

METAMORPnic continued* 

Definition of joints, slaty cleavage and foliation— Supposed causes of these 
structures — Mechanical theory of cleavage — Condensation and elongation of 
slate rocks by lateral pressure — Supposed combination of crystalline and 
mechanical forces — Lamination of some volcanic rocks due to motion — Whether 
the foliation of the crystalline schists be usually parallel witli the original planes 
of stratification — ^Examples in Norway and Scotland — Foliation in homo* 
geneous rocks may coincide with planes of cleavage, and in unclcavcd rocks 
with those of stratification — Causes of irregularity in the planes of foliation. 

We have already seen that chemical forces of ^reat intensity h ive 
frequently acted upon sedimentary and fossiliferous strata long 
subsequently to their consolidation, and we may next inquire 
whether the component minerals of the altered rocks usually arrange 
themselves in planes parallel to the original planes of stratification, 
or whether, after crystallization, they more commonly take up a 
diilcrent position. 

In order to estimate fairly the merits of this question, we must 
first define what is meant by the terms cleavage and foliation. 
Tliere are four distinct forms of structure exhibited in rocks, 
iijimely, stratification, joints, slaty cleavage, and foliation; and all 
these must have diflTerent names, even thougli there be cases where 
it is impossible, after carefully studying the appearances, to decide 
upon the class to which they belong. 

Professor Sedgwick, whoso essay “ On the Structure of large 
^Mineral Masses” first cleared the way towards a better undcr- 
^^anding of this difficult subject, observes, that joints are distin- 
guishable from lines of slaty cleavage in this, that the rock inter- 
vening between two joints has no tendency to cleave in a direction 
parallel to the planes of the joints, whereas a rock is capable of 
indefinite subdivision in the direction of its slaty cleavage. In 
cases where the strata are curved, the planes of cleavage are still 
])crfectly parallel. This has been observed in the slate rocks of 
part of Wales (see fig. 758.), which consist of a hard greenish slate. 


Eig. 758. 



Farallel planes of cleavage iutersecting curved strata. (SedgwrA.) 


The true bedding is there indicated by a nuvnber of parallel stripes, 
some of a lighter and some of a darker colour than the general mass. 
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Such stripes are found to be parallel to the true planes of strati* 
fication, wherever these are manifested hy ripple-mark, or by beds 
containing peculiar organic remains. Some of the contorted strata 
are of a coarse mechanical structure, alternating with fine-grained 
crystalline chloride slates, in which case the same slaty cleavage 
extends through the coarser and finer beds, though it is brought out 
in greater perfection in proportion as the materials of the rock are 
fine and homogeneous. It is only when these are very coarse that 
the cleavage planes entirely vanish. These planes are usually in- * 
dined at a very considerable angle to the planes of the strata. In 
the Welsh hills, for example, the average angle is as much as from 
30° to 40°. Sometimes the cleavage planes dip towards the same 
point of the compass as those of stratification, but more frequently 
to opposite points. It may be stated as a general rule, that when 
beds of coarser materials alternate with those composed of finer 
particles, the slaty cleavage is either entirely confined to the fine- 
grained rock, or is very imperfectly exhibited in that of coarser 
texture. This rule holds, whether the cleavage is parallel to the 
planes of stratification or not.* 

In regard to joints, they are natural fissures which often traverse 
rocks in straight and well-determined lines. They afibrd to the 
quarryraan, as Sir E. Murchison observes, when speaking of the phe- 
nomena, as exhibited in Shropshire and the neighbouring counties, 
the greatest aid in the extraction of blocks of stone ; and, if a suffi- 
cient number cross each other, the whole mass of rock is split into 
symmetrical blocks. The faces of the joints are for the most part 
smoother and more regular than the surfaces of true strata. The 
joints are straight-cut chinks, often slightly open, often passing, not 
only through layers of successive deposition, but also through balls 
of limestone or other matter which have been formed by concretion- 
ary action, since the original accumulation of the strata. Such 
joints, therefore, must often have resulted from one of the last changes 
superinduced upon sedimentary deposits.f 

In the annexed diagram (fig. 759.), the flat surfaces of rock 
A, B, c, represent exposed faces of joints, to which the walls of other 
joints, J J, are parallel, s s are the lines of stratification ; d are 
lines of slaty cleavage, which intersect the rock at a considerable 
angle to the planes of stratification. 

In the Swiss and Savoy Alps, as Mr. Bakewell has remarked, 
enormous masses of limestone are cut through so regularly by 
nearly vertical partings, and these joints are often so much more 
conspicuous than the seams of stratification, that an inexperienced 
observer will almost inevitably confound them, and suppose the 
strata to be perpendicular in places where in fact they arc almost 
horizontal. J 

Now sucl^ joints are supposed to be analogous to the partings 

* Geol. Trans., 2a series, vol. iiL p. f Silurian System, p. 246. 

461. t Introdimtion to Geology, chap. iv. 

3 B 2 ® 
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Fig. 759. 



Stratification, joints, and cleavage. 

(From Murchison's Silurian Sjstem, p. 245.) 

which separate volcanic and plutonic rocks into cuboidal and pris- 
matic masses. On a small scale we see clay and starch when dry 
split into similar shapes; this is often caused by simple contrac- 
tion, whether the shrinking be due to the evaporation of watv.r, 
or to a change of temperature. It is well known that many sand- 
stones and other rocks expand by the application of moderate 
degrees of heat, and then contract again on cooling ; and there can 
be no doubt that large portions of the earth’s crust have, in the 
course of past ages, been subjected again and again to very different 
degree's of heat and cold. Those alternations of temperature hav(>‘ 
probably contributed largely to the production of joints in rocks. 

In some countries, as in Saxony, where masses of basalt rest on 
sandstone, the aqueous rock has for the distance of several feet from 
the point of junction assumed a columnar structure similar to that 
of the trap. In like manner some hearthstones, after exposure to the 
heat of a furnace without being melted, have become prismatic. 
Certain crystals also acquire by the a2)plicatio»i of heat a new in- 
ternal arrangement, so as to break in a new direction, their external 
form remaining unaltered. 

Professor Sedgwick, speaking of the planes of slaty cleavage, 
where they are decidedly distinct from those of sedimentary de- 
position, declared in the essay before alluded to, his opinion that no 
retreat of parts, no contraction in the dimensions of rocks in pjissing 
to a solid state, can account for the phenomenon. He accordingly 
referred it to crystalline or j^olar forces acting simultaneously, and 
somewhat uniformly, in given directions, on largo masses having a 
homogeneous composition. 

Sir John Herschel, in allusion to slaty cleavage, has suggested, 
that if rocks have been so heated as to allow a commencement of 
crystallization, — that is to say, if they have been heated to a point at 
which the particles can begin to move amongst themselves, or at 
least on their own axes, some general law must then determine the 
position in which these particles will rest on cooling, frobably, that 
position will have some relation to the direction in which the heat 
escapes. Now, when all, or a majority of particles of the same 
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nature have a general tendency to one position, that must of course 
determine a cleavage-plane. Thus we see the* infinitesimal crystals 
ef fresh precipitated sulphate of barytes, and some other such bodies, 
arrange themselves alike in the fluid in which they float; so^as, 
when stirred, all to glance with one light, and give the appearance 
of silky filaments. Some sorts of soap, in which insoluble mar- 
garates * exist, exhibit the same phenomenon when mixed with 
water ; and what occurs in our experiments on a minute scale may 
occur in nature on a great one.”f 

Professor Phillips has remarked that in some slaty rocks the form 
of the outline of fossil shells and trilobites has been much changed 
by distortion, which has taken place in a longitudinal, transverse, or 
oblique direction. This change, he adds, seems to be the result of 
a “ creeping movement ” of the particles of the rock along the planes 
of cleavage, its direction being always uniform over the same tract 
of country, and its amount in space being sometimes measurable, and 
being as much as a quarter or even half an inch. The hard shells 
are not affected, but only those which are thin.J Mr. D. Sharpe, 
following up the same line of inquiry, came to the conclusion, that 
tlie present distorted forms of the shells in certain British slate 
rocks may be accounted for by supposing that the rocks in which 
they are imbedded have undergone compression in a direction per- 
pendicular to the planes of cleavage, and a corresponding expansion 
in the direction of the dip of the cleavage.§ 

Subsequently (1853) Mr. Sorby demonstrated tne great extent 
to which this mechanical theory is applicable to the slate rocks of 
North Wales and Devonshire j], districts where the amount of change 
in dimensions can be tested and measured by comparing the dif- 
ferent efiects exerted by lateral pressure on alternating beds of 
liner and coarser materials. Thus, for example, in the accom- 
panying figure (fig. 760.) it will be seen that the sandy bed df, 
which has ofiered greater resistance, has been sharply contorted, 
while the fine-grained strata, a, 5, c, have remained comparatively 
unbent. The points d and f in the stratum d f must have been 
originally four times as far apart as they are now. They have been 
forced so much nearer to each other, partly by bending, and partly 
by becoming elongated in the direction of what may be called the 
longer axes of their contortions, and lastly, to a certain small amount, 
by condensation. The chief result has obviously been due to the 
bending ; but, in proof of elongation, it will be observed that the 
thickness of the bed dfi^ now about four times greater in those parts 
lying in the main direction of the flexures than in a plane perpeii- 

* Margaric acid is an oleaginous acid, \ Report, Brit. Assoc., Cork, 1843, 

formed from different animal and vegc- Sect. p. 60. 

table fatty substances. A margarate is § Quart. Geol. Journ., vol. iii. p. 87. 
a compound of this acid with soda, po- , 1847. 

tash, or some other base, and is so named 1| On the Origin of Slaty Cleavage, by 

I'rom its pearly lustre. * H. C. Sorby, Edinb. New. Phil. Journ. 

t Letter to the author, dated Cape of 1853, vol. Iv. p. 137. 

Good Hope, Feb. 20. 1836. 
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Fig. 760. 



(Drawn by H. C. Sorby.) 

Vertical section of slate rork in the cliflli 
near Ilfracombe, North Devon. 

Scale one inch to one foot. 

a, d, e, e. Fine-grained slates, the stratifi- 
cation being shown partly by lighter, or 
darker colours, and partly by diflerent de- 
grees orOneness in the gram. 

d,f. A coarscr-grained light-coloured sandy 
slate with less perfect cleavage. 


I)ap(T were included in a mass 


dicular to them ; and the same bod 
exhibits clcavago-planes in the 
direction of the greatest move* 
ment, although they are much 
ft'wer than in the slaty strata 
above and below. 

Above the sandy bed d /, the 
stratum c is somewhat disturbed, 
while the next bed b is much less 
so, and a not at all ; yet all these 
beds, c, ft, and must have un- 
dergone an equal amount of pres- 
sure with dy the points a and g 
having approximated as much to- 
wards each other as have d and f 
The same phenomena ai*e also re- 
peated in the beds below d, and 
miglit havo been shown, had the 
section been extended downwards. 
Hence it appears that the finer beds 
have been squeezed into a fourth 
of the space they previously oc- 
cupied, partly by condensation, or 
the closer packing of their ulti- 
mate particles (which has given 
rise to the great specilic gravity 
of such slates), and partly by elon- 
gation in the line of the dip of tlio 
cleavage, of which the general di- 
rection is perpendicular to that of 
tlie pressure. These and nume- 
rous other cases in North Devon 
are analogous,” says Mr. Sorby, 
“ lo what would occur if a strip of 
some soft plastic material which 


would readily change its dimensions. If the whole were then com- 
pressed in the direction of the length of the strip of paper, it would 


bo bent and puckered up into contortions, whilst the plastic material 
would readily change its dimensions without undergoing such con- 
tortions ; and the difference in distance of the ends of the paper, as 
measured in a direct line or along it, would indicate the change in 
the dimensions of the plastic material.” 


The student will readily conceive that, when the shape of a fossil 
or of a crystal of some mineral, or of a spheroidal concretion, has 
been altered by lateral pressure, the new forms which they assume 
respectively will vary according to whether they havd yielded in 
one or more directions. They may have been drawn out solely in 
the direction of the dip of the cleavage, or they may have yielded 
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in a plane perpendicular to that dip, or they may have undergone 
both these movements. By microscopic examination of minute 
crystals, and by other observations too minute to be detailed here, 
Mr. Sorby comes to the conclusion that the absolute condensation of 
the slate rocks amounts upon an average to about one half their 
original volume. This must have resulted chiefly from the forcing 
of the particles more closely together, so as to fill up the spaces left 
between them, when they only touched each other. The rest of the 
change has been due to elongation which has produced slaty cleavage. 

Most of the scales of mica occurring in certain slates examined by 
Mr. Sorby lie in the plane of cleavage ; whereas in a similar rock 
not exhibiting cleavage they lie with their longer axes in all direc- 
tions. May not their position in the slates have been determined 
by the movement of elongation before alluded to^ To illustrate this 
theory some scales of oxide of iron were mixed with soft pipe-clay 
in such a manner that they inclined in all directions. The dimen- 
sions of the mass were then changed artificially to a similar extent 
to what has occurred in slate rocks, and the pipe-clay was then dried 
and baked. When it was afterwards rubbed to a flat surface perpen- 
dicular to the pressure and in the line of elongation, or in a plane 
corresponding to that of the dip of cleavage, the particles were found 
to have become arranged in the same manner as in natural slates, 
and the mass admitted of easy fracture into thin fiat pieces in the 
plane alluded to, whereas it would not yield in that perpendicular to 
the cleavage.* 

Dr. Tyndall, when commenting in 1856 on Mr. Sorby’s experi- 
ments, observed that pressure alone is sufficient to produce cleavage, 
and that the intervention of plates of mica or scales of oxide of iron, 
or any other substances having flat surfaces, is quite unnecessary. 
In proof of this he showed experimentally that a mass of “ pure 
white wax after having been submitted to great pressure, exhibited 
a cleavage more clean than that of any slate-rock, splitting into 
laminae of surpassing tenuity .”•!■ lie remarks that every mass of clay 
or mud is divided and subdivided by surfaces among which the 
cohesion is comparatively small. On being subjected to pressure, 
such masses yield and spread out in the direction of least resistance, 
small nodules become converted into laminas separated from each 
other by surfaces of weak cohesion, and the result is that the mass 
cleaves at right angles to the line in which the pressure is exerted. 
The experiments of Mr. Sorby in reference to the manner in which 
scales of mica and oxide of iron arrange themselves in soft pipe-clay 
under compression have been supposed to lend countenance to the 
opinion that the lamination of basalt and trachyte, and even of some 
kinds of gneiss, and the grain of certain granites, may all have been 
determined^by a mechanical cause, a movement having taken place 
after the development of crystals in the pasty mass. 


» Sorby, as cited above, p. 741., note. 

t Tyndall, View of the Cleavage of Crystals and Slate Rocks. 
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Mr. Scrope, in his desci;iption of the Ponza Islands, ascribed the 
zoned structure of the Hungarian perlite (a semi-vitreous trachyte) 
to its having subsided, in obedience to the impulse of its own 
gravity, down a slightly inclined plane, while possessed of an im- 
perfect fluidity. In the Islands of Ponza and Palmarolo, the direc- 
tion of the zones is more frequently vertical than horizontal, because 
the mass was impelled from below upwards.”* In like manner, 
Mr. Darwin attributes the lamination and flssile structure of volcanic 
rocks of the trachytic series, including some obsidians in Ascension, 
Mexico, and elsewhere, to their having moved Avhen liquid in the 
direction of the laminsc. The zones consist sometimes ot* layers of 
air-cells drawn out and lengthened in the supposed direction of the 
moving mass. This division into parallel zones, thus caused by the 
stretching of a pasjjy mass as it flowed slowly onwards, he com- 
pares to the zoned or ribboned structure of ice, which Professor 
James Forbes has endeavoured to explain by referring to the fi^’- 
suring of a viscous body in motion.| 

Whatever be the cause, the result, observes Darwin, is well 
worthy the attention of geologists ; for, in a volcanic rock of the 
trachytic scries in Ascension, layers are seen often of extreme 
tenuity, even as thin as hairs, and of different colours, alternating 
again and again, some of them composed of crystals of quartz and 
diopside (a kind of augite), others of black augitic specks with 
granules of oxide of iron, and lastly, others of crystalline felspar. 
It is supposed in this case that the crystallizing force acted more 
freely in the direction of the planes oF cleavage, produced when the 
pasty mass was stretched, whether because confined vapours were 
enabled to spread themselves through the minute fissures, or because 
the ultimate molecules had more freedom of motion along the planes 
of less tension, or for some other reasons not yet understood. 

After studying, in 1835, the crystalline rocks of South America, 
Mr. Darwin proposed the term foliation for the laminm or plates 
into which gneiss, mica-schist, and other crystalline rocks are 
divided. Cleavage, he observes, may be applied to those divisional 
planes which render a rock flssile, although it may appear to the 
eye quite or nearly homogeneous. Foliation may be used for those 
alternating layers or plates of different mineralogical nature of 
which gneiss and other metamorphic schists are composed. The 
cleavage planes of the clay-slate in Terra del Fuego and Chili 
preserve a uniform strike for hundreds of miles in regions where 
these planes are quite distinct from stratification. In the same 
country the planes of foliation of the mica-schist and gneiss are 
parallel to the cleavage of the clay-slate. Hence we are tempted, at 
first sight, to infer that some common cause or process, and that cause 
Tiot connected with sedimentary deposition, has impressed cleavage on 
the one set of rocks and foliation on the other. But such an infer- 
ence can only be legitimately drawn in those' rare cases where we 

♦ Geol. Trans., Second Series, vol. ii. p. 227. 

t Darwin, Volcanic Islands, pp. 69, 70. 
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are able, by a continuous section, to prove that not only the strike, but 
the dip of the slaty cleavage on the one hand, and of the foliation on 
the other, precisely coincide ; the cleavage at the same time not being 
])arallol to the stratification in the slate rock. In some examples 
cited by Mr. Darwin, in Terra del Fuego, the Chonos Islands, 
and La Plata, this uniformity of dip seems to have been traced in a 
manner as satisfactory as the nature of such evidence will allow. 
But we must be on our guard against a source of deception which 
may mislead us in this chain of reasoning. We are informed that 
in South America, as in other countries, the strike of the cleavage 
in clay-slate conforms to the axis of elevation of the rocks in the 
same districts. Hence it must follow that the folia of gneiss, mica- 
schist, limestone, and other crystalline rocks, even if they strictly 
coincide with the planes of original stratification, will run in the 
same direction as the strike of the slaty cleavage ; for the true 
strata always dip at right angles to the axis of elevation, and are 
])arallel to it in their strike. No argument, therefore, can be drawn 
in favour of a common origin from uniformity of strike in the slaty 
and foliated rocks ; for we require, in addition, coincidence of dip ; 
and such is the variability of the dip both of the slates and folia as 
to render this kind of proof very difficult to obtain. 

That the planes of foliation of the crystalline schists in Norway 
accord very generally with those of original stratification is a con- 
clusion long since espoused by Keilhau.* Numerous observations 
made by Mr. David Forbes in the same country (the best probably 
in Europe for studying such phenomena on a grand scale) confirm 
Keilhau’s opinion. In Scotland, also, Mr. D. Forbes has pointed out 
a striking case where the foliation is identical with the lines of stra- 
tification in rocks well seen near Crianlorich on the road to Tyndrum, 
about 8 miles from Invcrarnon in Perthshire. There is in that 
locality a blue limestone foliated by the intercalation of small plates 
of white mica, so that the rock is often scarcely distinguishable in 
aspect from gneiss or mica-schist. The stratification is shown by 
the large beds and coloured bands of limestone all dipping, like the 
folia, at an angle of 32 degrees N.E.f 

In stratified formations of every age we see layers of siliceous 
sand with or without mica, alternating with clay, with fragments 
of shells or corals, or with seams of vegetable matter, and we should 
expect the mutual attraction of like particles to favour the crystal- 
lization of the quartz, or mica, or felspar, or carbonate of lime along 
the planes of original deposition, rather than in planes placed at 
angles of 20 or 40 degrees to those of stratification. 

In Patagonia, a series of ^thin sedimentary layers of tuff were 
observed by Mr. Darwin to have become porphyritic, first where 
least altered, by a process of aggregation, small patches of clay 
appearing to be shortened into almond-shaped concretions, which in 

* Norske Mag. Naturvirlsk., vol. i. t Memoir read before the Geol. Soc. 
p. 71. Londou, Jan. 31. 1855. 
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those places where they were more changed had be.como crystals of 
felspar, having their longer axes parallel to each other. In other 
associated strata, grains of quartz had in like manner aggregated 
into nodules of crystalline quartz.* 

May we not, then, presume that in rocks where no cleavage has 
intervened, foliation and the planes of stratification will usually 
coincide, as in all cases where cleavage happens (as in the writing- 
slates of the Niesen on the Lake of Thun in Switzerland, containing 
fucoids) to agree with the original planes of sedimentary deposition ? 
Mr. Darwin conceives that “ foliation may bo the extreme result of 
the process of which cleavage is the first effect or, at any rate, 
that the crystalline force may have been most energetic in the 
direction of cleavage. As bearing on this view, he says, I was 
particularly struck in the eastern parts of Terra del Fuego with the 
fact that the fine larnina3 of clay-slate, where they cut straight 
through the bands of stratification, and therefore indisputably tru‘> 
cleavage-phaiies, differ slightly from one another in their greyish 
and greenish tints of colour, as also in their compactness, and in 
some laminae having a more jaspery appearance than others. This 
fact shows that the same cause which has produced the highly 
fissile structure has altered in a slight degree the mineralogical 
character of the rock in the same planes.” “j As one step farther 
towards tracing a passage from planes of cleavage to those of folia- 
tion, Professor Sedgwick observes that in North Wales the surfaces 
of slates are sometimes coated over with chlorite, the crystals of 
which have not only defined the cleavage planes but struck through 
the whole mass of the rock.” { So also, says Mr. Darwin, in some 
]daces in South America crystals of epidote and of mica coat the 
planes of cleavage. 

There seems to be no difficulty in imagining that in rocks of 
homogeneous composition the foliation may take place along planes 
previously caused by the elongation of tlie materials along the dip 
of the cleavage ; for experienced geologists have been at a loss to 
decide in many countries which of two sets of divisional planes were 
referable to cleavage, and which to stratification ; and, after much 
doubt, have discovered that they had at first mistaken the lines of 
cleavage for those of deposition, because the former were by far the 
most marked of the two. Now if such slaty masses should become 
highly crystalline, and be converted into gneiss, hornblende-schist, 
or /my other member of the hypogene class, the cleavage planes 
might possibly remain more visible than those of stratification. 
Professor Henslow had noticed, so long ago as the year 1821, that 
the lamination of the chloritic and mother crystalline schists in 
Anglesea was approximately in the planes of bedding ; and Pro- 
fessor Kamsay, in 1841, observed the same in regard to ,the gneiss 
and mica-schist of Arran. The last-cited geologist says, in reference 

* South America, p. 149. t Sedgwick, Gcol. Trans., Sec. Scr., 

t Geol. Obserr. on South America, vol. iii. p. 471. 
p. 165. 
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to Anglesca, that the metamorphism probably took place when the 
Lower Silurian volcanos were in activity, and therefore long befoie 
the cleavage of the Welsh rocks ; for the cleavage of the latter 
affects in common the Lower Silurian and the Cambrian strata. In 
the same memoir ho adds, when referring to Mr. Darwin’s theory of 
foliation, “that, if the rocks be uncleaved when metamorphism 
occurs, the foliation planes will be apt to coincide with those of 
bedding ; but if intense cleavage has preceded, then we may expect 
that the planes of foliation will lie in the planes of cleavage.” * 

From what I have myself seen in the Grampians, both in Forfar- 
shire and Perthshire, I have always concluded that MacCulloch was 
correct in the opinion that gneiss and mica-schist may be considered 
as stratified rocks, and that certain beds of pure quartz, one or two 
feet thick, which run for miles in the strike of their foliation, as w^ell 
as the intercalation of masses of limestone, and of chloritic, acti- 
nolitic, and hornblendic schists, all indicate the planes of original 
stratification. At the same time, I fully admit that the alternate 
layers of quartz, or of mica and quartz, of felspar, or of mica and 
felspar, or of carbonate of lime, are more distinct, in certain metfi- 
raorphic rocks, than the ingredients composing alternate layers in 
most sedimentary de])osits, so that similar particles must be supposed 
to have exerted a molecular attraction for each other, and to have 
congregated together in layers more distinct in mineral composition 
than before they were crystallized. 

We have seen how much the original planes of stratification may 
be interfered with or even obliterated by concretionary action in 
deposits still retaining their fossils, as in the case of the magnesian 
limestone (see p. 37.)* Hence we must expect to be frequently 
baffled when wo attempt to decide whether the foliation does or 
does not accord with that arrangement which gravitation, combined 
with current-action, imparted to a deposit from water. Moreover, 
when we look for stratification in crystalline rocks, wo must be on 
our guard not to expect too much regularity. The occurrence of 
wedge-shaped masses, such as belong to coarse sand and pebbles, — 
diagonal lamination (see p. 16.), — ripple-marked, — unconformable 
stratification (p. 16.), — the fantastic folds produced by lateral pres- 
sure, — faults of various width, — intrusive dikes of trap, — organic 
bodies of diversified shapes, — and other causes of unevenness in the 
])lancs of deposition, both on the small and on the large scale, will 
interfere with parallelism. If complex and enigmatical appearances 
did not present themselves, it would be a serious objection to the 
inetamorphic theory. 

Mr. Sorby has shown that*tho peculiar structure belonging to 
ripple-marked sands, or that which is generated when ripples are 
formed during the deposition of the materials, is distinctly recog- 
nizable in many varieties of mica-schists in Scotland.l 

* Gcol. Quart. Journ., 1853, vol. f H. C. Sorby, Geol. Quart. Journ,, 
ix. p, 172. vol. xix. p. 401. 
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In the accompanying diagram I liave represented carefully the 
ygj lamination of a coarse argilla- 

ceous schist which I examined 
in 1830 in the Pyrenees. In 
part it approaches in character 
to a green and blue roofing, 
slate, while part is extremely 
quartzose, the whole mass pass- 
ing downwards into micaceous 
schist. The vertical section 
here exhibited is about 3 feet 
in aud the kyors are 

sometimes so thin that fifty may 
be counted in the thickness of an inch. Some of them consist of 
pure quartz. 

There is a resemhlance in such cases to tlie diagonal larninati »n 
which we see in sedimentary rocks, even though tlie layers of quartz 
and of mica, or of felspar and other minerals, may be more distinct 
in alternating folia than they were originally. 

M. EUe de Beaumont, while ho regards the greater part of the 
gneiss and mica-schist of the Alps as sedimentary strata altered 
by plutonic action, still conceives that some of the Alpine gneiss 
may have been erupted, or, in other words, may be granite drawn 
out into parallel laminae in the manner of trachyte, as above 
alluded to.* 

If the mass were squeezed and elongated in a certain direction 
after crystals of mica, talc, or other scaly minerals were developed, 
these may perhaps have arranged themselves in planes parallel to 
those of movement, and a similar process may account for what the 
quarrymen call “ the grain” in some granites, or a tendency to split 
in one direction more freely than in another. But, as a general rule, 
the fusion of the crystalline schists does not appear to have gone so 
far as to allow of motion analogous to that of lava or granite, and 
for this reason rocks of this class do not send veins into surroundius: 
rocks. In the next chapter we may inquire at how many distinct 
periods the hypogene or metamorphic schists can be proved to have 
originated, and why for so long a time the earlier geologists regarded 
them as entitled to the name of “ primitive.” 

^ Bulletin Soc. Geol. de France, 2e seric, vol. iv. p. 1301. 
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CHAPTER XXXVn. 

ON THE DIFFERENT AGES OP THE METAMORPHIC ROCKS. 

Age of each set of metamorphic strata twofold — Test of age by fossils and mineral 
character not available — Test by superposition ambiguous — Conversion of dense 
masses of fossiliferous strata into metamorphic rocks — Limestone and shale of 
Carrara — Metamorphic strata of older date than the Cambrian rocks — Others 
of Lower Silurian origin — Others of the Jurassic and Eocene periods in the 
Alps of Switzerland and Savoy — Why scarcely any of the visible crystalline 
strata arc very modern — Order of succession in metamorphic rocks — Uni- 
formity of mineral character — Why the mctamorpliic strata are less calcareous 
than the fossilferous. 

According to the theory adopted in the last chapter, the age of each 
set of metamorphic strata is twofold, — they have been deposited at 
one period, they have become crystalline at another. We can rarely 
hope to define with exactness the date of both these periods, the 
fossils having been destroyed by plutonic action, and the mineral 
characters being the same, whatever the age. Superposition itself 
is an ambiguous test, especially when we desire to determine the 
period of crystallization. Suppose, for example, we are convinced 
that certain metamorphic strata in the Alps, which are covered by 
cretaceous beds, are altered lias ; this lias may have assumed its 
crystalline texture in the cretaceous or in some tertiary period, the 
Eocene for example. If in the latter, it should be called Eocene 
when regarded as a metamorphic rock, although it be liassic when 
considered in reference to the era of its deposition. According to this 
view, the superposition of chalk does not prevent the subjacent 
metamorphic rock from being Eocene. 

When discussing the ages of the plutonic rocks, we have seen that 
examples occur of various primary, secondary, and tertiary deposits 
converted into metamorphic strata, near their contact with granite. 
There can bo no doubt in these cases that strata, once composed of 
mud, sand, and gravel, or of clay, marl, and shelly limestone, have 
for the distance of several yards, and in some instances several 
hundred feet, been turned into gneiss, mica-schist, hornblende-schist, 
chlorite-schist, quartz rock, statuary marble, and the rest. (See the 
two preceding Chapters.) 

But when the metamorphic action has operated on a grander scale, 
it tends entirely to destroy all monuments of the date of its develop- 
ment. It may be eagy to prove the identity of two different parts of 
the same stratum ; one, where the rock has been in contact with :i 
volcanic or plutonic mass, and has been changed into marble or 
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liornblendo-schist, and another not far distant, where the same bed 
remains unaltered and fossiliferous ; but when we have to compare 
two portions of a mountain chain — the one metamorphic, and the 
other unaltered — all the labour and skill of the most practised ob- 
servers are required, and may sometimes be at fault. 1 shall men- 
tion one or two examples of alteration on a grand scale, in order to 
explain to the student the kind of reasoning by which we are led to 
infer that dense masses of fossiliferous strata have been converted 
into crystalline rocks. 

Northern Apennines — Carrara * — The celebrated marble of Car- 
rara, used in sculpture, was once regarded as a typo of primitive 
limestone. It abounds in the mountains of Massa Carrara, or the 
“ Apuan Alps,” as they have been called, the highest peaks of which 
are nearly 6000 feet high. Its great antiquity was inferred from its 
mineral texture, from the absence of fossils, and its passage down- 
wards into talc-schist and garnetiferous mica-schist; these rocks 
again graduating downwards into gneiss, which is penetrated, • t 
Forno, by granite veins. Now the researches of MM. Savi, Bou(s 
Pareto, Guidoni, De la Beche, Hoffmann, and Pilla have demon- 
strated that this marble, once supposed to be formed before the ex- 
istence of organic beings, is, in fact, an altered limestone of the Oolitic 
period, and the underlying crystalline schists are secondary sand- 
stones and shales, modified by plutonic action. In order to establish 
these conclusions, it was first pointed out, that the calcareous rocks 
bordering the Gulf of Spezia, and abounding in Oolitic fossils, 
assume a texture like that of Carrara marble, in proportion as they 
are more and more invaded by certain trappean and plutonic rocks, 
such as diorite, cuphotide, serpentine, and granite, occurring in the 
same country. 

It was then observed that, in places where the secondary forma- 
tions are unaltered, the uppermost consist of common Apennine 
limestone with nodules of flint, below which are shales, and at the 
base of all, argillaceous and siliceous sandstones. In the limestone 
fossils are frequent, but very rare in the underlying shale and sand- 
stone. Then a gradation was traced laterally from these rocks into 
another and corresponding series, which is completely metamorphic ; 
for at the top of this we find a white granular marble, wholly devoid 
of fossils, and almost without stratification, in which there are no 
nodules of flint, but in its place siliceous matter disseminated 
through the mass in the form of prisms of quartz. Below this, and 
in place of the shales, are talc-schists, jasper, and hornstone ; and at 
the bottom, instead of the siliceous and argillaceous sandstones, are 
quartzite and gneiss.* Had these secondary strata of the Apennines 
undergone universally as great an amount of transmutation, it would 
have been impossible to form a conjecture respecting their true age/, 
and then, according to the method of classification adopted by the 

* See notices of Savi, Hoffmann, and and tom. Hi, p 44. ; also Filla, cited by 
others, referred to by Boue, Bull, de la Murchison, Quart. Gcol. Journ., vol. v. 
Soc. G6oi. de France, tom. v. p. 317.; p. 266. 
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earlier geologists they -would have ranked as primary rocks. In that 
case the date of their origin -would have been thrown back to an era 
antecedent to the deposition of the Lower Silurian or Cambrian 
strata, although in reality they were formed in the Oolitic period, 
and altered at some subsequent and perhaps much later epoch. 

Alps of Switzerland^ — In the Alps, analogous conclusions have 
been drawn respecting the alteration of strata on a still more ex- 
tended scale. In the eastern part of that chain, some of the primary 
£3Ssiliferous strata, as well as the older secondary formations, toge- 
ther with the oolitic and cretaceous rocks, are distinctly recognizable. 
Tertiary deposits also appear in a less elevated position on the flanks 
of the Eastern Alps ; but in the Central or Swiss Alps, the primary 
fossiliferous and older secondary formations disappear, and the Cre- 
taceous, Oolitic, Liassic, and at some points even the Eocene strata, 
graduate insensibly into metamorphic rocks, consisting of granular 
limestone, talc-schist, talcose-gneiss, micaceous schist, and other 
varieties. In regard to the ago of this vast assemblage of crystalline 
strata, wo can merely affirm that some of the upper portions are 
altered newer secondary, and some of them even Eocene deposits ; but 
we cannot avoid suspecting that the disappearance both of the older 
secondary and primary fossiliferous rocks may be owing to their 
having been all converted in the same region into crystalline schist. 

It is difficult to convey to those who have never visited the Alps 
a just idea of the various proofs which concur to produce this con- 
viction. In the first place, there are certain regions where Oolitic, 
Cretaceous, and Eocene strata have been turned into granular marble, 
gneiss, and other metamorphic schists, near their contact with gra- 
nite. This fact shows undeniably that plutonic causes continued to 
bo in operation in the Alps down to a late period, even after the 
d( 3 position of some of the nummulitic or middle Eocene formations. 
Having established this point, we are the more willing to believe 
that many inferior fossiliferous rocks, probably exposed for longer 
periods to a similar action, may have become metamorphic to a still 
greater extent. 

Wo also discover in parts of the Swiss Alps dense masses of 
secondary and even tertiary strata which have assumed that semi- 
crystalline texture which Werner called transition, and which natu- 
rally led his followers, who attached great importance to mineral 
characters taken alone, to class them as transition formations, or as 
groups older than the lowest secondary rocks. (See p. 93.). Now, 
it is probable that these strata have been aflected, although in a less 
intense degree, by that same plutonic action which has entirely 
altered and rendered metamorphic so many of the subjacent form- 
ations ; for in the Alps, this action has by no means been confined 
to the immediate vicinity of granite. Granite, indeed, and other 
plutonic jpocks, rarely make their appearance at the surface, notwith- 
standing the deep javines which lay open to view the internal struc- 
ture of these mountains. That they exist below at no great depth 
we cannot doubt, and we have already seen (p. 704.) that at some 
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puiiits, as in the Valorsine, near Mont Blanc, granite and granitic 
veins are observable, piercing through talcose gneiss, which passes 
insensibly upwards into secondary strata. 

It is certainly in the Alps of Switzerland and Savoy, more than in 
any other district in Europe, that the geologist is prepared to moot 
with the signs of an intense development of plutonic action ; for here 
we find the most stupendous monuments of mechanical violence, by 
which strata thousands of feet thick have been bent, folded, and 
overturned. (See p. 58.) It is here that marine secondary form- 
ations of a comparatively modern date, such as the Oolitic and Cre- 
taceous, have been upheaved to the height of 12,000, and some 
Eocene strata to elevations of 10,000 feet above the level of the 
sea ; and even deposits of the Miocene era have been raised 4000 or 
5000 feet, so as to rival in height the loftiest mountains in Great 
Britain. 

If the reader will consult the works of many eminent geologists 
who have explored the Alps, especially those of MM. de Beaumont, 
Studer, Necker, Boue, and Murchison, he will learn that they all 
share, more or less fully, in the opinions above expressed. It has, 
indeed, been stated by MM. Studer and Hugi, that there are com- 
plete alternations on a large scale of secondary strata, contiiining 
fossils, with gneiss and other rocks of a perfectly metamorphic struc- 
ture. 1 have visited some of the most remarkable localities referred 
to by these authors ; but although agreeing with them that there arc 
passages from the fossiliferous to the metamorphic series far from the 
contact of granite or other plutonic rocks, I was unable to convince 
myself that the distinct alternations of highly crystalline, with un- 
altered strata above alluded to, might not admit of a different expla- 
nation. In one of the sections described by M. Studer in the highest 
of the Bernese Alps, namely in the Roththal, a valley bordering tlu^ 
line of perpetual snow on the northern side of the Jungfrau, there 
occurs a mass of gneiss 1000 feet thick, and 15,000 feet long, whicli 
I exp \ned, not only resting upon, but also again covered by strata, 
containing oolitic fossils. These anomalous appearances may partly 
be explained by supposing great solid wedges of intrusive gneiss to 
have been forced in laterally between strata to which I found them 
to be in many sections unconformable. The superposition, also, of 
the gneiss to the oolite may, in some cases, be due to a reversal of 
the original position of the beds in a region where the convulsions 
have been on so stupendous a scale. 

On the Sattel also, at the base of the Gestellihorn, above Enzen, 
in the valley of Urbach, near Meyringen, some of the intercalations 
of gneiss between fossiliferous strata may, I conceive, be ascribed 
to mechanical derangement. Almost any hypothesis of repealed 
changes of position may be resorted to in a region of such extra- 
ordinary confusion. The secondary strata having first become vi r- 
ticaj, may then in certain portions have become, metamorphic (the 
plutonic influence ascending from below), while intervening strata 
remiiiceJ unchanged. Tlie whole scries of beds may then again 
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have been thrown into a nearly horizontal position, giving rise to 
the superposition of crystalline upon fossiliferous formations. 

It was remarked, in Chap. XXXIV., that as the hypogene rocks, 
both stratified and unstratified, crystallize originally at a certain 
depth beneath the surface, tl»ey must always, before they are up- 
raised and exposed at the surface, be of considerable antiquity, 
r(‘latively to a large portion of the fossiliferous and volcanic rocks! 
They may be forming at all periods ; but before any of them caii 
become visible, they must be raised above the level of the sea, and 
some of the rocks which previously concealed them must have been 
removed by denudation. 

Ill Canada, as we have seen (p. 578.), the Lower Laurentian 
gneiss, quartzite, and limestone, may be regarded as metamorplnc, 
because organic remains (^Eozoon Canadense) have been detected 
in a part of one of the calcareous masses. Nor can we doubt that 
the Uf)pcr Laurentian, or Labrador series, consisting of gneiss, 
with Labrador-felspar and felstoiies, in all 10,000 feet thick, have 
assumed their crystalline structure by metamorphic action, since 
they lie in uiiconformable stratification on the Lower Laurentian. 
The remote date of the period when some of these old Laurentian 
strata of Canada were converted into gneiss, may be inferred from 
file fact that pebbles of that rock are found in the overlying Hu- 
roiiian formation, which is of Lower Cambrian age, if not older 
(p. 578.). The oldest stratified rock of Scotland is the hornblendic 
gneiss of Lewis, in the Hebrides, and that of the north-west coast 
of Rosssliirc, re})rcsentcd at tlie base of the section given at p. 67.- 
fig. 90. It is the same as that intersected by numerous granite 
veins, which forms the clifis of Cape Wrath, in Sutherlandshire 
(see fig. 743. p. 704.), and is conjectured to bo of Laurentian age. 
Above it, as shown in MacCulloch’s section (fig. 90. p. h7,), lie 
uiiconformable beds of a reddish or purplish sandstone and conglo- 
merate, nearly horizontal, and between 2000 and 3000 feet thick. 
In these ancient grits no fossils have been found, but they are sr 
posed to be of Lower Cambrian date, and they certainly do not 
belong to the Old Red, as was formerly supposed, for they have 
been shown by Sir Roderick Murchison to pass in the North High- 
lands or in the three northern counties of Scotland, under quartz 
rocks, which, with a subordinate limestone, rest unconfornmbly 
upon them. In this limestone, in 1854, Mr. Charles Peach found 
some obscure organic remains, which led Sir R. Murchison to insti- 
tute a searching inquiry, and eventually to establis h beyond all doubt 
that the calcareous formation in question was of Lower Silurian age. 
This was mm of tbjamost important steps made of late years in the 
progress of British Geology , for it led to a very unexpected conclu- 
sion, namely,' tl&i^all the Scotch crystalline strata to the eastward, 
once called pf tmiU^e, which overlie the limestone and quartzite in 
quC|BtipnV,^t‘e rc^feilrabl^ to some part of the Silurian series. The 
most abditdaitt and^best preserved shells of the limestone are those 
and Assynt. They comprise among others 
3 c 
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three or four species of Orthoceras, also the genera Cyrtoceras and 
Lituites^ two species of Murchisonta^ a PhuTotomaria^ a species 
of Maclurea^ one of Euomphaltis^ and an Orthis, Several ot the 
species are believed by Mr. Salter to be identical with Lower Silurian 
fossils of Canada and the United States. The mere occurrence of 
Cephalopoda in such numbers is strongly against the supposition of 
thei/ being Cambrian, and the large siphuncles of some of the Ortho- 
ccrata point distinctly to a Eower Silurian date, for this division 
of the genus, both in Europe and North America (see p. is 

eminently characteristic of the inferior members of the Silurian 
system (see above, p. 561.). To the fossiliferous rock above men- 
tioned, with its accompanying quartzites, succeed in conformable 
stratification a dense series ot* gneiss, mica- schists, and clay-slates, 
this younger gneiss being very different in mineral character from the 
fundamental gneiss before mentioned. There can be no qiu'Stion 
that these crystalline formations, which are similar to rliose of the 
Central and Southern Highlands, comprising the mctarnorphic 
rocks of Aberdeenshire, Perthshire, and Forfarshire, for example, 
are altered Silurian strata;* the inferences of Sir 11. Murchison 
on this subject having been confirmed by the subsequent obser- 
vations of three able geologists, Messrs. Ramsay, Harknoss, and 
Geikie. The newest of the series is a clay-slate, on which, along 
the southern borders of the Grampians, the Lower Old R(‘d, con- 
taining Cephalaspis Lyelti^ Pterygoius Anglicus^ and Parka deci- 
piens, rests uncon formably. 

In Anglesea, as was before remarked, the metamorphism of the 
schists, according to the observations of Professor Ramsay, took 
place during the Lower Silurian period. Coupling these conclu- 
sions with the fact that a liypogcnc texture has been superinduced 
in the Alps on Middle Eocene deposits (see p. 737.), we cannot 
doubt that, hereafter, geologists will succeed in detecting crystalline 
schists of almost every age in the chronological series, although the 
(quantity of metamorphic rocks visible at the surface must, for 
reasons above explained, diminish rapidly in proportion , as the 
monuments of newer eras are investigated. 

Order of succession in metamorphic rocks. — There is no universal 
and invariable order of superposition in metamorphic rocks, although 
a particular arrangement may prevail throughout countries of great 
extent, for the same reason that it is traceable in those sedimentary 
formations from wliich crystalline strata are derived. Thus, for 
example, we have seen that in the Apennines, near Carrara, the de- 
scending series, where it is metamorphic, consists of, 1st, saccharine 
marble ; 2ndly, talcose-schist ; and 3rdly, of quartz-rock and gneiss : 
where unaltered, of 1st, fossiliferous limestone ; 2ild4y, shale; and 
Srdly, snndstone. ^ ^ 

Buli if we investigate different mountain chainS| We find ‘gneiss, 

* Quart. Geol. Journ., vol. xv. p. 353., 1859. Silur^^ Al>p^ndix/ 
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mica-schist, hornblende-schist, chlorite-schist, hypogene limestone, 
and other rocks, succeeding each other, and alternating with each 
other in every possible order. It is, indeed, more common to meet 
with some variety of clay-slate forming the uppermost member of a 
metamorphic series than any other rock ; but this fact by no means 
implies, as some have imagined, that all clay-slates were formed at 
the close of an imaginary period, when the deposition of the jrys- 
tallirie strata gave way to that of ordinary sedimentary deposits. 
Such clay-slates, in fact, are variable in composition, and sometimes 
alternate with fossiliferous strata, so that they maybe said to belong 
almost equally to the sedimentary and metamorphic order of rocks. 
It is probable that had they been subjected to more intense plutonic 
action, they wouW have been transformed into hornblende-schist, 
foliated chlorite-schist; scaly talcose-schist, mica-schist, or other 
more perfectly crystalline rocks, such as are usually associated with 
gneiss. 

Uniformity of mineral character in Hypogene Rocks , — ^It is most 
true, as Humboldt has happily remarked, that when we pass to 
another hemisphere, we see new forms of animals and plants, and 
even new constellations in the heavens ; but in the rocks we still 
recognize our old acquaintances, — the same granite, the same gneiss, 
the same micaceous schist, quartz-rock, and the rest. There is 
certainly a great and striking general resemblance in the principal 
kinds of hypogene rocks in all countries, however different their 
ages ; but each of them, as we have before seen, must be regarded 
as geological families of rocks, and not as definite mineral com- 
pounds. They are more uniform in aspect than sedimentary strata, 
because these last are often composed of fragments varying greatly 
in form, size, and colour, and contain fossils of different shapes and 
mineral composition, and acquire a variety of tints from the mixture 
of various kinds of sediment. The materials of such strata, if 
melted and made to crystallize, would be subject to chemical laws, 
simple and uniform in their action, the same in every climate, and 
wholly undisturbed by mechanical and organic causes. 

It would, however, be a great error to assume, as some have done, 
that the hypogene rocks, considered as aggregates of simple minerals, 
are really more homogeneous in their composition than the several 
members of the sedimentary series. In the first place, different as- 
semblages of hypogene rocks occur in different countries; and, 
secondly, in any one district, the rocks which pass under the same 
name are often extremely variable in their component ingredients, 
or at least in the proportions in which each of these are present. 
Tlius, for example, gneiss and mica-schist, so abundant in the 
Grampiansl*are wanting in Cumberland, Wales, and Cornwall ; in 
parts of the Swiss and Italian Alps, the gneiss and granite are 
talcose, ani not micaceous, as in Scotland ; hornblende prevails in 
the granite of Scothtnd — schorl in that of Cornwall — albite in the 
plutonic rocks of the Andes— common felspar in those of Europe. 
In one part of Scotland, the mica-schist is full of garnets ; in another 
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it is wholly devoid of them ; while in South America, according to 
Mr. Darwin, it is the gneiss, and not the mica-schist, which is most 
commonly garnet iferous. And not only do the proportional quanti- 
ties of felspar, quartz, mica, hornblende, and other minerals, .vary in 
hypogene rocks bearing the same name ; but, what is still more im- 
portant, the Ingredients, as we have seen, of the same simple mineral 
are not always constant (see p. o90.. and Table, p. 102.). 

I'he Metamorpfnc strata, why less calcareous than the Fossil iferous, 
— It has been remarked, that tlu‘ quantity of calcareous matter in 
metamorphic strata, or, indeed, in the hypogene formations generally, 
is far less than in fossil iferous deposits. Thus the crystalline schist s 
of the Eastern and Southern Grampians in Scotland, consisting of 
gneiss, mica-schist, hornblcnde-j-c.hist, and other j-ocks, many thou- 
sands of yards in thickness, cont.ain an exceedingly small proportion 
of interstratiiied calcareoms beds, although these have been the 
objects of careful searcli for economical ])nrposes. Yet limestone is 
not wanting even in the Southern Grampians, in Perthshire and 
Forfarshire, for example, and it is associated sometimes with gneiss, 
sometimes with mica-schi.st, and in otlier ])laces with other members 
of the metamorphic series. Where limc.stone occurs abundantly, as 
at Carrara, and in parts of the Alp**, in connection Avith hypogene 
rocks, it usually forms one of the superior members of the crystalline 
group. The limestones of the Lower Lauren tian in Canada, consist- 
ing of several distinct bands, one of them containing Eozoon Cana- 
dense^ and of great thickness (from 700 to 1500 feet), afford a n.*- 
inarkable exception to the general rule. In this instinuje, however, 
augite, serpentine, and various other minerals are largely intermixed 
with the carbonate of lime. 

The general scarcity of carbonate of lime in the plutonic Jind 
metamorphic ro(;k8 seems to be the result of some general eausi*. 
So long as the hypogene rocks were believed to have originated ante- 
cedently to the creation of organic beings, it was easy to impute the 
absence of lime to the non-existence of those mollusca and zoophytes 
by which shells and corals are secreted ; but when avc ascribe tli(3 
crystalline formations to plutonic action, it is natural to inquire 
whether this action itself may not tend to expel carbonic acid and 
lime from the materials which it reduces to fusion or semi-fusion. 
Although we cannot descend into the subterranean regions whore 
volcanic heat is developed, we can observe in regions of spent vol- 
canos, such as Auvergne and Tuscany, hundreds of springs, both cold 
and thermal, flowing out from granite and other rocks, and having 
their waters plentifully charged with carbonate of lime. The quan- 
tity of calcareous matter which these springs transfer, in the course 
of ages, from the lower parts of the earth’s crust to the superior or 
newly formed parts of the same, must be considerable.* 

If the quantity of siliceous and aluminous ingredients^ brought up 
by su£h springs were great, instead of being utterly insignificant, it 

See Principles of Geology, by the Author, IndeXf ** Calcareous Springs.** 
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might be contended that the mineral matter •thus expelled implies 
simply the decomposition of ordinary subterranean rocks ; but the pro- 
<ligious excess of carbonate of lime over every other substance must, 
in the course of time, cause the crust of the earth below to be almost 
(‘ntirely deprived of its calcareous constituents, while we know that 
the same action Imparts to newer deposits, ever forming in seas and 
lakes, ail excess of carbonate of lime* Calcareous matter is powred 
into these lakes and the ocean by a thousand springs and rivers; so 
tiiat part of almost every now calcareous rock chemically precipitated, 
and of many reefs of shelly and coralline stone, must be derived from 
mineral matter subtracted by plutonic agency, and driven up by gas 
and steam from fused and heated rocks in the bowels of the earth. 

Not only carbonate of lime, but also free carbonic acid gas, is given 
off plentifully from the soil and crevices of rocks in regions of active 
and spent volcanos, as near Naples and in Auvergne. By this pro- 
cess, fossil shells or corals may often lose their carbonic acid, and the 
residual lime may enter into the corn position, of aiigite, hornblende, 
garnet, and other hypogerie minerals. That the removal of the cal- 
I'areous matter of fossil shells is of frequent occurrence, is proved 
by the fact of such organic remains being often replaced by silex 
or other minerals, and sometimes by the space once occupied by the 
fossil being left empty, or only marked by a faint impression. We 
ought not indeed to marvel at the general absence of organic re- 
mains from the crystalline strata, when we bear in mind how often 
fossils are obliterated, wholly or in part, even in tertiary formations 
— how often vast masses of sandstone and shale, of different ages, 
and thousands of feet thick, are devoid of fossils — how certain strata 
may first have been deprived of a portion of their iossils when they 
became semi-crystalline, or assumed the transition state of We^n^^r 
— and how the rinnaiiiing portion may have been effaced when ihey 
were rendered inetamorphic. Rocks of the last-men tioued class, 
moreover, have sometimes been exposed again and again to renewed 
plutonic action. 
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CHAPTER xxxvnr. 

UINEBAL VEINS. 

Werner’s doctrine that mineral veins were fissures filled from above — Veins of 
segregnt -Ordinary metalliferous veins or lodes — Their frequent coincidence 
with fat hs— Proofs that they originated in fissures in solid rock — Veins shifting 
other veins — ^Polishing of their walls or “ slicken-sides.” — Shells and pebbles iii 
lodes — Kvidence of the successive enlargement and reopening of veins — 
Poumc s observations in Auvergne '--Dimensions of veins — Why some alter- 
nately t«wcll out and contract — Pilling of lodes by sublimation from below — 
Chemicsd and electrical action — Relative age of the precious metals — Cojiper 
and lea«' i uns in Ireland older than Cornish tin — Lead vein in lias, Glamorgan- 
shire—. Gold in Russia, California, and Australia. — Connection of hot springs 
and mi literal veins — Concluding remarks. 

The manner in which metallic substances are distributed through the 
earth’s crust, and more especially the phenomena of those nearly 
vertical and tabular masses of oro called mineral veins, from whicli 
the larger part of the precious metals used by inan arc obtained, — 
these are subjects of the highest practical importance to the miner, 
and of no less theoretical interest to the geologist. 

The views entertained respecting metalliferous veins have been 
modified, or, rather, have undergone an almost complete revolution, 
since the middle of the last century, when Werner, as director of the 
School of Mines, at Freiburg in Saxony, first attempted to generalize 
the facts then known. He taught that mineral veins had originally 
been open fissures which were gradually filled up with crystalline 
and metallic matter, and that many of them, after being once filled, 
had been again enlarged or reopened. He also pointed out that veins 
thus formed are not all referable to one era, but are of various geo- 
logical dates. 

Such opinions, although slightly hinted at by earlier writers, had 
never before been generally received, and their announcement by one 
of high authority and great experience constituted an era in the 
science. Nevertheless, I have shown, when tracing, in another work, 
the history and progress of geology, that Werner was far behind some 
of his predecessors in his theory of the volcanic rocks, and less en- 
lightened than bis contemporary, Dr. Hutton, in his speculations as to 
the origin of granite.* According to him, the plutonic formations, as 
well as the crystalline schists, were substances precipitated from a 
chaotic fiuid in some primeval or nascent condition of the planet ; 


* rrinciplcs of Gcolopry. chap. iv. 
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and the metals, therefore, being closely connected with them had' 
partaken, according to him, of a like mysterious opigin. He' also 
licld that the trap rocks were aqueous deposits, and that dikes of por- 
phyry, greenstone, and basalt, were fissures filled with their several 
contents from above. Hence he naturally inferred that mineral veins 
had derived their component materials from an incumbent ocean 
rather than from a subterranean source; that these materia^ had 
been first dissolved in the waters above, instead of having risen «p 
by sublimation from lakes and seas of igneous matter below. 

In proportion as the hypothesis of a primeval fluid, or “ chaotic 
menstruum,” was abandoned, in reference to the plutonic formations, 
and when all geologists had come to be of one mind as to the true 
relation of the volcanic and trappean rocks, reasonable hopes began 
to be entertained that the phenomena of mineral veins might bo 
explained by known causes, or by chemical, thermal, and electrical 
agency still at work in the interior of the earth. Tlie grounds of 
this conclusion will be better understood when the geological facts 
brought to light by mining operations have beoj; described and 
explained. 

On different kinds of mineral veins , — Everj geologist, is fami- 
liarly acquainted with those veins of quartz which a! n md in hypogene 
strata, forming lenticular masses of limited extend They are some- 
times observed, also, in sandstones and shales, v " ns of carbonate 
of lime are equally common in fossiliferous rocks, esj.ecially in lime- 
stones. Such veins appear to have once been chinks or small cavities, 
caused, like cracks in clay, by the shrinking of the mass, which has 
consolidated from a fluid state, or has simply contracte d its dimensions 
in passing from a higher to a lower temperature. Siliceous, calca- 
reous, and occasionally n^etallic matters h.*ive sometimes found their 
way simultaneously into such empty spaces, by infiltration from the 
surrounding rocks, or by segregation, as it is often termed. Mixed 
with hot water and steam, metallic ores may have permeated a pasty 
matrix until they reached those- receptacles farmed by shrinkage, and 
thus gave rise to that irregular assemblage of veins, called by the 
Germans a “ stockwerk,” in allusion to the different floors on which 
the mining operations are in such cases carried on. 

The more ordinary or regular veins are usually worked in verticsil 
shafts, and have evidently been fissures produced by mechanical 
violence. They traverse all kinds of rocks, both hypogene and 
fossiliferous, and extend downwards to indefinite or unknown depths. 
We may assume that they correspond with such rents as we see 
caused from time to time by the shock of an earthquake. Metal- 
liferous veins, referable to such agency, are occasionally a few inches 
wide, but more commonly 3 or 4 feet. They hold their course con- 
tinuously in a certain prevailing direction for miles or leagues, 
passing through rocks varying in mineral composition. 

That metalliferws veins were fissures , — As some intelligent miners, 
after an attentive study of metalliferous veins, have been unable to 
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jncile many of their characteristics with the hypothesis of fissures 

I shall begin by stating 
F‘8-762. the evidence in its fa- 

XX a vour. The most striking 

fact perliaps which can 
be adduced in its sup- 
port is, the coincidence 
of a considerable pro- 
portion of mineral veins 
with faults, or those dis- 
locations of rocks winch 
are indisputably due to 
I mechanical force, as 

above explained (p. 61. ). 
There are even proofs 
in almost, every mining 
J district of a succession 

a of faults, by which the 

opposite walls of rents, 
now the receptacles of 
/ metallic substances, have 

suffered displacement. 
* ^ for example, suiH 

pose a a, fig. 762., to hv. 
a tin lode in Cornwall, 
the term lode being aj)- 

I a plied to veins contain - 

7 ing metallic ores. This 

" l^>de, running east and 
west, is a yard wide*, 
^ shifted by a 

copper lode (h h\ of 
n 4 z similar width. 

The first fissure (flf^y) 
S has been filled with 

various materials, partly 

Vertical sections oi the mine of Huel Peever, Redruth, Cornwall.®^ clicmical Origin, SUcll 

as quartz, fluor-spar, 
peroxide of tin, sulphuret of copper, arsenical pyrites, bismuth, and 
sulphuret of nickel, and partly of mechanical origin, comprising clay 
and angular fragments or detritus of the intersected rocks. Th(3 
plates of quartz and the ores are, in some places, parallel to the ver- 
tical sides or walls of the vein, being divided from each other by 
alternating layers of clay, or other earthy matter. Occasionally the 
metallic ores arc disseminated in detached masses among^the vein- 
stones. 

It is clear that, after the gradual introduction df the tin and other 
substances, the second rent (ft ft) was produced by another fracture 
accompanied by a displacement of the rocks along the plane of ft ft. 


Vertical sections ot' the mine of Huel Peever, Redruth, Cornwall. 
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This new opening was then filled with minerals, some of them re- 
sembling those in a o, as fluor-spar (or fluate of lime) and quartz; 
others different, the copper being plentiful and the tin wanting or 
very scarce. ° 

We must next suppose the shock of a third earthquake to occur, 
breaking asunder all the rocks along the lino c c, fig. 763.; the 
fissure, in this instance, being only 6 inches wide, and simpljr filled 
with clay, derived, probably, from the friction of the walls of ‘the 
rent, or partly, perhaps, washed in from above. This new move- 
ment has heaved the rock in such a manner as to interrupt the con- 
tinuity of the copper vein {b b), and, at the same time, to shift or 
heave laterally in the same direction a portion of the tin vein whicli 
had not previously been broken. 

Again, in fig. 764. we see evidence of a fourth fissure (d d), also 
filled with clay, which has cut through the tin vein (a a\ and has 
lifted it slightly upwards towards the south. The various changes 
liere represented are not ideal, but are exhibited in a section obtained 
in working an old Cornish mine, long since abandoned, in the parisl) 
of Redruth, called Huel Peever, and described both by Mr. Williams 
and Mr. Came.* The principal movement here referred to, or that 
of c c, fig. 764., extends through a space of no less than 84 feet ; but 
in this, as in the case of the other three, it will be seen that the 
outline of the country above, d, c, b, a, &c., or the geographical 
features of Cornwall, are not aficcted by any of the dislocations, a 
powerful denuding force having clearly been exerted subsequently 
to all the faults. (See above, p. 69.) It is commonly said in Corn- 
wall, that there are eight distinct systems of veins which can in like 
manner be referred to as many successive movements or fractures ; 
and the German miners of the Hartz Mountr ns speak also of eight 
systems of veins, referable to as many periods. 

Besides the proofs of mechanical action already explained, the 
opposite walls of veins are often beautifully polished, as if glazed, 
and are not unfrcquently striated or scored with parallel furrows and 
ridges, such as would be produced by the continued rubbing together 
of surfaces of unequal hardness. These smoothed surfaces resemble 
the rocky floor over which a glacier has passed (see fig., p. 139). 
They are common even in cases where there has been no shift, and 
occur equally in non-metalliferous fissures. They are calh by 
miners “ slicken-sides,” from the German schlichteny to plane, and seite^ 
side. It is supposed that the lines of the striae indicate the direction 
in which the rocks were moved. During one of the minor earth- 
quakes in Chili, which happened about the year 1840, and was de- 
scribed to me by an eye-witness, the brick walls of a building wore 
rent vertically in several places, and made to vibrato for several 
minutes during each shock, after which they remained uninjured, 
and witHbut any opening, although the lino of each crack was still 
visible. When aM movement had ceased, there were seen on the 

* GeoL Trans, vol. iv. p. I3s<.; Trans. Roy. Geol. Society, Cornwall, vol. ii. p. 90. 









